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Foreword 


Globalization is much in the news these days. 
Everything from cars to tennis shoes is manufactured 
thousands of miles from customers^ and money moves 
instantaneously from a bank account in India to one in 
Switzerland. The ramifications of this brave new global 
world are understandably causing some people con- 
cern^ especially after the collapse of the Asian financial 
markets in late 1997 revealed the vulnerability of the 
world financial system. 

But too few people have noticed another^ perhaps 
more frightening form of globalization: the movement 
of exotic plants and animals into virtually every ecosys- 
tem on Earth. The ability of pests^ weeds^ and danger- 
ous pathogens to move around the world today is truly 
staggering. Brown tree snakes hitchhike from Guam to 
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Hawaii hidden in the wheel wells of a jet. Zebra mus- 
sels get swept up in the ballast water of a supertanker 
and find a new home, and new victims, in the Great 
Lakes. The Asian tiger mosquito, a major carrier of 
dengue fever, encephalitis, and yellow fever, moves 
firom country to country with ease in containers of used 
tires. 

Our vulnerability in this case is not just a matter of 
shaky financial markets. It affects the very underpin- 
nings of all economic activity — the stability and integri- 
ty of the Earth’s land, forests, and waters, and all that 
we reap from them. In Life Out of Bounds, Chris Bright 
describes these escalating threats to the foundations of 
biological diversity and productivity, their sources, and 
why they should be of concern to us all. And he lays out 
the steps that need to be taken to address the problem 
of biological globalization — ^fi-om international codes of 
conduct right down to being aware of what is in our 
own backyards. 

This tenth volume in theWorldwatch Environmental 
Alert Series follows David Roodman’s The Natural 
Wealth of Nations, which explored another long-ignored 
policy issue: how society’s fiscal policies affect the 
health of our basic life-support systems. (See page 2 for 
a list of all the titles in the series.) We hope that our 
contributions on these topics will help foster more 
detailed public discussion of how to build a sustainable 
society. We welcome your reactions. 


Linda Starke, Series Editor 



Life Out of Bounds 





Evolution in Reverse 


Some 240 million years ago, well before the reign of the 
dinosaurs, all of the Earth’s major landmasses were 
locked into a single continent. A monstrous plaque of 
rock called Pangaea sat alone amidst the waters of an 
even more monstrous planetary ocean. Eventually, 
Pangaea fragmented. At geologic pace, its shards sailed 
out over the blank blue immensity to create, for the 
human moment, the present continental configuration.^ 
The macro structure of the planet might seem to be 
the one aspect of the world that people cannot change. 
And yet the currents of human movement are begin- 
ning to alter the ancient evolutionary function of the 
planetary surface. As vessels for the natural communi- 
ties that evolved within them, the Earth’s pockets and 
humps, its wet and dry places, are losing their integri- 
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ty — their separateness. At a frenetic and ever-increasing 
pace, the global economy is merging the world’s 
ecosystems, smearing them into each other. 

We are in the throes of a vast and little-noticed biot- 
ic upheaval. As ecological entities, the continents are 
coming together againj the seas are spilling into each 
other. And this biotic turmoil is reaching levels of dis- 
turbance that no actual meeting of rock or water could 
possibly achieve. Modern commerce is wrapping the 
world’s namral systems in a web of connections that is 
far more comprehensive than anjrhing that could have 
existed on the ancient super-continent. A kind of 
h3T)er-Pangaea is emerging. 

The physical roughness of the Earth — its structural 
variety — has tended to hold its living communities in 
place. The barriers that surround any particular ecosys- 
tem help set the terms of life within it. They tie a par- 
ticular assemblage of plants and animals together, and 
they tend to exclude predators, competitors, and dis- 
eases that evolved elsewhere. Islands provide the 
extreme case. In their isolation, many island creatures 
have evolved into forms foimd nowhere else — the giant 
tortoises of the Galapagos, for example, or the colorful 
“picture-winged” fruit flies of Hawaii. 

The planet is scored by thousands of more subtle 
barriers too. A “rain shadow” downwind from a moun- 
tain ridge may be too dry for forest] an ocean current 
may isolate two distinctive coral reefs. Even the lives of 
highly mobile creatures are likely to be governed by 
barriers of one sort or another. The salmon that hatch 
in the rivers of western North America may swim 
together in the ocean, yet each strain returns to its own 
river to breed, thereby preserving its distinctive genetic 
identity. And so from one horizon to the next, a subtle 
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matrix of barriers has allowed the communities of life 
to work out evolutionary answers to a particular spot of 
landj a stream^ or a set of ocean currents. Natural bar- 
riers are the instruments of evolution. 

Today these barriers are losing their ecological reali- 
ty^ as more and more organisms are moved around 
them. A western Atlantic jellyfish^ for example^ is 
pumped out of a ship’s ballast tank and into the Black 
Sea^ where it wrecks the fisheries. Escaped garden 
plants strangle North American wetlands and rare 
island forests. Plantations of Australian eucalyptus trees 
displace native forests throughout the developing 
world — and sometimes native forest peoples as well. 
The farming of commercial shrimp species obliterates 
coastal fisheries and the local economies that depend on 
them. Range-devouring weeds sprout from contaminat- 
ed crop seed; virus-laden mosquitoes emerge from ship- 
ping containers. In these and hundreds of other ways^ 
the silent uproar of biotic mixing is damaging both 
worlds that people inhabit: the natural and the social.^ 
Some degree of movement through the Earth’s bar- 
riers has always been a part of life^ of course — no nat- 
ural community is hermetically sealed. A shift in the 
prevailing sea breeze might bring a colony of bats to an 
island; an increase in rainfall might allow forest out 
onto a prairie. But the artificial Pangaea that we are 
creating differs fundamentally from such natural range 
extensions in three respects: 

• In the frequency of movemenu Under natural condi- 
tions^ the arrival of a new organism — an ''exotic 
species” — was in most areas a rare event. Today^ it 
can happen any time a ship comes into port or an 
airplane lands. In places where the current rate of 
arrival has been estimated^ it generally appears to 
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be thousands of times faster than the previous nat- 
ural rate. 

• In the pervasiveness of movement. In the past, a 
major ecological change sometimes allowed a mix- 
ing of one biota (the set of plants and animals 
native to an area) with another. One of the most 
dramatic episodes involved Beringia, the ancient 
land bridge that once linked Siberia to Alaska. 
Over the course of many millennia, Beringia 
admitted numerous Eurasian species (including 
people) into the New World. Today, intense biotic 
mixing has moved from being an occasional 
regional event to a chronic global phenomenon.^ 

• In the fact that “impossible migration” is now not only 
possible, but common. Under natural conditions, the 
planet’s physical structure imposes formidable 
barriers to certain types of movement. Bounded 
by 6,000 kilometers of salt water, for example, or 
1,000 kilometers of desert, many organisms would 
live out their evolutionary lives without crossing to 
terra incognita on the other side. Today, such 
crossings are routine. Water hyacinth, an aquatic 
weed that is suffocating East Africa’s Lake 
Victoria, comes from South America; the disease 
that is killing off the crayfish in European streams 
comes from the crayfish that live in North 
American streams; melaleuca, a tree that is invad- 
ing the Florida Everglades, is from northern 
Australia. 

The effective collapse of the world’s ecological barri- 
ers is a phenomenon, so far as we know, without prece- 
dent in the entire history of life. (The real Pangaea, of 
course, would have had plenty of very durable barri- 
ers.) During the past several centuries, and today at an 



Evolution in Reverse 


21 


ever-increasing rate, the Earth’s natural communities 
are being disrupted by exotic species — organisms that 
have crossed those barriers to take up residence in 
ecosystems where they did not evolve. Bioinvasion, the 
spread of exotics, is fast becoming one of the greatest 
threats to the Earth’s biological diversity. 

As a global threat of extinction, bioinvasion may 
already rank just behind “habitat loss” — a much more 
general category that can be taken to include almost 
any kind of physical disruption. For certain types of 
organisms, exotics are clearly the principal threat: dur- 
ing the past century in the United States, for example, 
exotics have been a factor in 68 percent of fish extinc- 
tions. And increasingly, these two forms of ecological 
decay appear to be merging into a single S 3 mdrome. As 
more and more habitat is burned or bulldozed away, 
the remnant natural areas grow ever more vulnerable to 
invasion. The wilds of the new millennium are melting 
into degraded landscapes infested by exotic weeds, 
weakened by exotic pathogens, chewed over by exotic 
browsing mammals. (See Chapter 5.) 

Although the process often ends in extinction, cur- 
rent extinction statistics do not come close to capturing 
the full dimensions of the problem. That is because 
exotics frequently suppress large numbers of native 
species without pushing them completely over the 
brink. Take the melaleuca, the tree that is invading the 
Florida Everglades. Undisturbed Florida wet prairie 
typically contains 60-80 native plant species, while an 
area covered by a melaleuca thicket usually contains 
only 3-4, if that. Successful invasions often cause 
“functional extinctions” like this. The native species 
may still exist, but over much of the terrain they are 
growing at densities too low to perform their former 
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ecological role — for instance, as food plants for native 
animals.^ 

Bioinvasion is perhaps the only category of environ- 
mental degradation that can corrode virtually every 
level of biological organization. On a broad landscape 
level, exotics like the melaleuca can replace entire 
co mm u n ities of native plants and animals. At the other 
end of the spectrum, interbreeding between an exotic 
and a native relative can unleash a “genetic invasion” 
that undermines a native gene pool. In western North 
America, for example, mass releases of hatchery-bred 
salmon have undermined some wild salmon stocks. In 
such cases, the native in effect becomes exotic.^ 

The cultural effects of exotics can be as profound as 
the biological ones. Human pathogens, for instance, 
travel as readily as crop pests or weeds, and entire 
branches of humanity have fallen away as a result. The 
diseases brought into the Americas by European 
colonists precipitated one of the greatest cultural crises 
in history, and the spasms of that crisis reach right into 
the present. In the century following the conquistadors’ 
arrival, as many as two thirds of the western hemi- 
sphere’s native inhabitants — perhaps 30 million peo- 
ple — may have succumbed to smallpox, malaria, and 
various other Old World diseases — diseases to which 
they had almost no resistance. To a considerable 
degree, the Europeans inadvertently “created” the 
wilderness they then went on to explore. Today, miners 
and settlers continue to spread these pathogens to the 
native peoples of the Amazon basin, with disastrous 
effect. Since the mid-1980s, for example, about a quar- 
ter of the Yanomami people have succumbed to exotic 
diseases.® 

The exploding volume of migration and travel is now 
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pulling most of humanity into a single microbial sys- 
tem, and no society may really be prepared for the 
results. Epidemic cholera has recently returned to the 
Americas, yellow fever may be poised to invade Asia, 
and we have barely begun to identify the malign syner- 
gies produced by overlapping epidemics. 

Nor are the social effects of bioinvasion limited to dis- 
ease. Exotics ruin our crops and suppress our fisheries. 
They cause declines in forest and rangeland productivi- 
ty. Aggressive exotic water weeds and shellfish are foul- 
ing dams, power plant intake pipes, and irrigation 
canals. Some exotic plants are increasing the rate and 
intensity of brushfires; others are dropping water tables. 
In these and many other ways, exotics are costing soci- 
eties all over the world billions of dollars every year. 

AJl of this damage, both natural and cultural, results 
from a process that is profoundly “counterintuitive.” 
Conceptually, the problem of invasion comes down to 
this: why should adding a species to an area end up 
reducing that area’s biological diversity? The exotic dan- 
delion on your lawn, for example, is presumably just 
one more species in the local plant community — its 
only known victims are people who value uniform 
grass. And most exotics never even make it to dande- 
lion status. Most do not succeed in establishing them- 
selves in their new ranges — they just die out. Even 
those that do establish themselves will not necessarily 
have a detectable ecological effect. 

But the paradox disappears once you look from the 
individual exotic to the process as a whole. The pro- 
portion of exotics that cause serious trouble is difficult 
to estimate, but a very rough rule of thumb, sometimes 
called the “tens rule,” is that 10 percent of exotics 
introduced into an area will succeed in establishing 
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breeding populations, and 10 percent of those will go 
on to launch a major invasion. When that happens, the 
exotic has graduated from dandelion to melaleuca sta- 
tus. It has escaped the predators, diseases, and other 
factors that kept it in check in its native range, and has 
found nothing comparable in its new range. It is facing 
organisms that did not evolve in its presence and that 
may not be adapted to competing with it or escaping 
from it. This scenario keeps replaying itself all over the 
world; the result is usually lots of exotic and a lot less 
of ever5Thing else.’ 

Since the global economy is continually showering 
exotics over the Earth’s surface, there is little consola- 
tion in the fact that 90 percent of these impacts are 
“duds” and only 1 percent of them really detonate. The 
bombardment is continual, and so are the detonations. 

Many invaders seem to owe their explosive ecologi- 
cal power to a complex of traits known as “weediness.” 
Weedy invaders mature quickly, multiply prolifically, 
spread easily, and often do especially well in disturbed 
conditions. Animal “weeds” tend to be highly adapt- 
able in their diets. The ubiquitous rats and house spar- 
rows, the zebra mussels invading North American 
waterways, the water hyacinth and the melaleuca — all 
these organisms are weeds. 

As the weeds spread, displacing more and more local 
diversity, the world becomes a steadily more homoge- 
nized place. The same weeds begin to crowd every 
rangeland; water hyacinth smothers warm-climate 
waters the world over. Goats gnaw the shrubbery to 
stubble on island after island. In all of these places, as 
the local creatures disappear, the ecosystem they 
formed a part of tends to weaken. An artificially sim- 
plified community, like a machine that is missing a lot 
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of its parts, is more likely to break down. A fire, say, or 
an outbreak of disease that might have had little effect 
in a healthy, complex community may seriously disturb 
a simplified, sick one. And that disturbance will lay the 
area open to yet more invasion. This is the cycle of 
degradation that is coming to characterize our era.® 

* * ■* * 

Bioinvasion is now a profound and global challenge to 
our economic system, to our technical conservation 
skills, and to our ethics — our ability to recognize a 
“right to existence” in other living things. Yet policy 
responses to the threat have generally been weak and 
imcoordinated. Only the worst invaders get serious 
attention, and even then there is rarely any systematic 
inquiry into the social and economic processes that 
launched the invasion in the first place. 

To some degree, this lack of response can be 
explained by the enigmatic qualities of the problem 
itself. Despite 40 years of study, ecologists have not 
been able to discover natural “rules” that govern the 
processes of invasion and that have any real predictive 
value. Bioinvasion is a deeply unsatisfying policy topic. 
It is messy, frustrating, depressing, and unpredictable: 
it does not lend itself to neat solutions. Consider, very 
generally, what we don’t know.® 

We don’t know which organisms will become suc- 
cessful invaders. No common characteristic has been 
detected. It is true that many of the worst invaders are 
highly adaptable “generalists” — weeds, in other words. 
But there are “specialist” invaders too. Some invaders 
have huge home ranges; some have very small ones. 
Some have close relatives that are also dangerous, while 
the closest relatives of others do not seem to be invasive 
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at all. And some very aggressive invaders may actually 
be retreating in their home ranges. The melaleuca, one 
of South Florida’s nastiest pest plants, is being crowd- 
ed in its native northern Australia by catclaw mimosa, 
a spiny South American shrub — and by pond-apple, a 
native of the Florida Everglades.'® 

We don’t know where invasions will occur. True, dis- 
turbed ecosystems are generally more vulnerable to 
exotics than intact ones. One of the reasons that 
Eurasian cheat grass now dominates 25 million 
hectares of western North America is almost certainly 
that ranchers allowed their cattle to overgraze the 
native grasses. But as with the “weediness” rule, there 
are all kinds of exceptions. In surviving tracts of undis- 
turbed Hawaiian rainforest, for example, the dominant 
insects are now frequently exotic. In the Great Lakes, 
water quality improvements have probably helped the 
sea lamprey, a predatory exotic fish, since lamprey lar- 
vae are fairly sensitive to pollution." 

We don’t know when an invasion will occur. Many 
exotics probably find their way into a new range sever- 
al times before they succeed in establishing themselves. 
Even then, an exotic may spend decades as an innocu- 
ous good citizen in its new home before some subtle 
adaptation or some shift in the ecological dynamic trig- 
gers an explosive invasion. This “incubation period” is 
so common in plant invasions that it has a kind of 
reverse predictive value: there are almost certainly 
many more exotic plants out there than anyone has 
noticed. According to one expert on weed invasions in 
the United States, exotic weeds usually have to be in 
the country for 30 years or to have spread to more than 
4,000 hectares before they are even discovered. (See 
Figure 1-1 for a graph of a typical plant invasion.)'^ 
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We don’t know what an invasion will do. Because 
invasive exotics can do a great deal more than simply 
displace native species^ they have a considerable capac- 
ity for surprise. Take^ for example^ the case of the tiny 
opposum shrimp in Montana’s Flathead River system. 
Wildlife officials introduced the shrimp around 1970 to 
increase the forage base for the kokanee salmon^ anoth- 
er introduced species. But salmon tend to feed near the 
surface and the shrimp only rose to the surface at nighty 
when the salmon could not see them. So the salmon 
could not eat the shrimp^ but the shrimp ate all the 
plankton that the salmon fry depended on. The salmon 
population crashed^ then the bears^ birds of prey^ and 
other creatures that had come to depend on the salmon 
disappeared. A tiny shrimp had starved eagles out of 
the sky.^^ 

Number of Topographic 
Quadrangles Occupied 


Source: See endnote 12 



Figure 1-1. Spread of European Mustard into Eastern 
Canada and the United States^, 1860-1990 
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Exotics, by and large, seem to make up their own 
rules. We invite them to play but they name the game. 
What will this creature do if it lands in that spot? About 
all we can say with assurance is this: if it’s causing trou- 
ble somewhere, then you don’t want it anywhere else. 
Bioinvasion may be the least predictable of all the 
major forms of environmental disruption.*^ 

It may also be the hardest to fix. In general, the key 
to dealing with environmental problems — habitat 
destruction, say, or pollution — is to stop the offending 
activity. Granted, that is usually no mean feat. But if it 
can be achieved, natural processes, with thoughtful 
management, will then heal the system. Time, however, 
does not heal invasions. An intense invasion may “peak 
out” and subside after exhausting most of the local 
resources, but that does not mean the exotic will go 
away. It may rebound when its food supply recovers, or 
it may spread elsewhere. So while an oil spill that 
occurred 20 years ago is probably not a pressing con- 
cern today, there are hundreds of invasions that began 
more than a century ago and that are desperately 
urgent problems right now. This “biological pollution” 
is smart pollution. It adapts, it looks for ways to sur- 
vive, and instead of diminishing over time, it usually 
entrenches itself.*^ 

Beyond the tortured topics of invasion ecology, there 
is another reason why exotics have attracted so little in 
the way of policy response: they are so common, such a 
standard part of our environment, that their presence is 
not usually suggestive of dysfunction. The tendency to 
spread exotics is a deeply embedded and nearly univer- 
sal aspect of culture. For thousands of years, people all 
over the world have deployed exotics for both necessity 
and pleasure — ^to feed themselves, to mold the land- 



Evolution in Reverse 


29 


scapes in which they live, to stock their gardens, rivers, 
and forests. Accidental releases seem to be a cultural 
constant as well. Humanity has always been a wander- 
ing species and we have offered the globe to those crea- 
tures that profit from our presence — our diseases and 
parasites, our crop pests, our mosquitoes and fleas. 

Nearly everywhere, invasion has been, in varying 
degrees and in different ways, a standard feature of the 
human past. But as with other forms of environmental 
degradation, there is a big difference between regional 
or low-level pressure and what happens when the 
process gains intensity and goes global. Biotic mixing 
on a global level began in earnest five centuries ago, as 
the Age of Discovery dawned. It is reaching its logical 
extreme today, in the emergence of a global economy. 
At its current level, it is no more sustainable than are 
current levels of deforestation or atmospheric carbon 
emissions. Bioinvasion has become another way of 
measuring the unsustainability of the contemporary 
economic order. 

At its current rate, bioinvasion may not be “cultural- 
ly sustainable” either. The march of the weeds is rob- 
bing the landscapes in which we live of their “natural- 
ness” — of their power to reflect something other than 
our own mismanagement. Invasion threatens us with a 
kind of culturally deadening solipsism, in which it 
becomes harder and harder to experience nature as dis- 
tinct from ourselves. Humanity is not meant to be a 
patient in a sickroom, with nothing to contemplate but 
our own diseases. We came into being out-of-doorsj our 
social and psychological welfare may be linked in ways 
we cannot fathom to the welfare of nature as a whole. 
We may need the “otherness” of nature just as much as 
we need clean water and air. 
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But human memory is so short compared with the 
scale on which nature operates. Who can remember 
where each weed originally came from? And it is tempt- 
ing to speed the process of forgetting, by rechristening 
any entrenched exotic as a native. Capitulating to the 
invader may often seem the most realistic course of 
action. No doubt, nature eventually will transform 
many of these organisms. The scattered populations of 
many exotics may ultimately go their separate evolu- 
tionary ways and become distinct species, each within 
its own native range. (Some plant diseases may already 
be doing this, but that is not good news: each new ver- 
sion of such a pathogen is another potential invader.) 

For most types of organisms, however, the process 
will not occur on a time scale that can matter much to 
those of us alive today. In the meantime, blurring the 
distinction between native and exotic is a tactical mis- 
take because it invites people to view every invader as 
just a native in the making. Given the current levels of 
biotic mixing, that is a little like dismissing AIDS with 
the notion that one day that virus too may evolve into 
something more benign. 

Besides, capitulation is not necessary. Despite the 
formidable ecological and social difficulties of counter- 
ing invasions, we already have the tools necessary for 
rapid progress. Our principal challenge now is not so 
much technical as cultural. Our contemporary global 
reach is no longer compatible with an invasion mentali- 
ty — an attitude toward nature that accepts invasion as 
inevitable or even desirable. The key to discarding that 
mentality is a kind of historical consciousness, an aware- 
ness of how the social machinery of invasion was built 
in the first place. Our current problems have been a 
long time in the making. To deal with them effectively. 
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we will need to understand not just present ecological 
conditions, but the history of our “invasion cultures.” 

Contemporary ecology and the cultural past: all the 
following chapters deal with these two topics, each from 
a different perspective. Part I is concerned primarily 
with invasion as an ecological process. Chapters 2, 3, 
and 4 survey three very broad ecosystem categories, 
along with the primary human enterprise in each — 
prairies and agriculture, forests and forestry, the waters 
and fisheries. Chapter 5, “Islands,” explores the type of 
landscape that has suffered the most from invasion, and 
presents it as a model for the problem as a whole. Part 
II looks at invasion primarily as a cultural process. It 
begins with two short cultural histories of invasions, 
first the intentional ones (chapter 6), and then the acci- 
dents (chapter 7). Chapter 8 sketches out the econom- 
ic implications of the current situation and considers 
the global economy itself as a homogenizing force. In 
Part III, the book’s final chapter reviews the resources 
at our disposal — legal, political, ecological, and person- 
al — for treating the planet’s invasion disease. 




The Geography 
of Invasion 
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The Fields 


One of the most powerful bonds in the history of life is 
the alliance between grasses and people. During the 
past 10 millennia^ in at least seven separate times and 
places^ people have invented farmings and farming is 
essentially a managed invasion of edible plants. The 
farmer’s most productive plants have generally been 
those with edible seeds^ and nearly all of these are 
grasses^ such as corn^ wheats rice^, and barley. The fun- 
damental architecture of civilizations is not to be found 
in buildings but in fields — in our vast artificial prairies 
of domesticated grasses.^ 

If you take a broad ecological view of the process^, 
you might argue that the grasses have done a wonder- 
ful job of domesticating us. Most crop plants are utter- 
ly dependent on an enormous agricultural infrastruc- 
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ture that feeds and waters them, protects them from 
pests, and coddles their germplasm.Yet they are among 
the most successful organisms on Earth. Corn, for 
example, was first domesticated around 5,000 years 
ago from a grass that grows in scattered patches 
through the rugged mountain country of southern 
Mexico. Today, corn usually carpets about 140 million 
hectares of the Earth’s surface, an area the size of 
Germany, France, and Spain combined. Overall, the 
cereal grains provide some two thirds of humanity’s 
calorie intake (directly and through grainfed livestock) 
and occupy about half of the world’s arable land.- 
But the success of the grasses inevitably entails the 
success of their pests. As the edible prairies spilled over 
the continents, hordes of insects, weeds, and pathogens 
followed. The weeds were usually in the vanguard. At 
the dawn of the sixteenth century, as European societies 
began to expand abroad, hundreds of Eurasian weed 
species arrived on foreign shores as contaminants of 
seed grain and fodder. These weeds, toughened by 
some 10 millennia of contact with European cropping 
and grazing techniques, burst onto foreign soil and 
found little to stop them. Eventually, for instance, in 
most regions where the climate matched that of the 
Mediterranean (central Chile and parts of South 
Africa, California, and southern Australia), the major 
grasslands were transformed into a kind of degraded 
version of the Mediterranean flora. (See Figure 2-1.) 
Much of the temperate-zone prairie outside Eurasia has 
been “homogenized” in this way. Even where the crops 
themselves are not growing, their weeds usually are.^ 
And while the colonial era has long since receded as 
far as European peoples are concerned, it is still very 
much in force when it comes to European plants. In the 
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Figure 2-1. Eurasian Plants as Share of Total 
Exotic Flora in the Mediterranean Climate Zones of 
Four Regions^ 1 990s 


western United States^ for example^ one of the most 
successful colonists has been a Eurasian weed called 
cheat grass. Like many highly invasive plants^ cheat is 
fire-adapted: it spreads by burning. Fires are natural 
events in most landscapes^ apart from the coldest and 
the wettest ones^, but the natural rhythms of burning 
vary a great deal. Fire may visit a swath of prairie every 
year or two^ but leave a northern black spruce bog 
undisturbed for centuries. Fire-adapted grasses like 
cheat usually come from landscapes with very rapid fire 
cycles. Fire is their native element and they take it with 
them when they invade. After the growing season^ they 
cure to a fine^ dry tinder^ so they tend to burn every 
year. They recover quickly from fire, but in areas where 
the natural fire cycle is slower, the native vegetation 
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generally does not. The result is a vicious circle of inva- 
sion, fire, retreat of the native plant community, then 
more invasion.^ 

Cheat was first noticed in 1889 in southern British 
Columbia. It was soon popping up in various wheat- 
growing areas in the arid intermountain west, and by 
1930 it had burned its way throughout the sagebrush 
biome, which stretches from the Canadian border into 
Nevada and Utah. Today, it is present on more than 40 
million hectares, an area about twice the size of the 
state of Nebraska. It dominates nearly two thirds of 
that, and the fires it feeds are continuing to spread it. 
The rich flora of the sagebrush biome has burned away 
to yield little more than cheat and silence. Songbirds 
disappear for lack of cover and forage. Deer and ante- 
lope starve. As the rabbits and rodents die off, so do the 
birds of prey that hunt them. Cheat and other range- 
land weeds are spreading over the western United 
States at an estimated rate of 1,840 hectares per day.^ 

The artificial prairies attracted animal “weeds” as 
well. Rats and mice, for instance, attacked the crops 
both in the fields and in the bins, and were recognized 
as a bane very early. Middle Eastern farmers were using 
pottery rat traps as early as the third millennium B.c. 
During the past 2,000 years, two rodent species from 
southeast Asia, the black rat and brown rat, became the 
most successful vertebrate pests the world has ever 
seen. A combination of intelligence, adaptability, and 
reproductive prowess allowed these species to ride the 
tide of colonial expansion to virtually every spot it 
reached and often far beyond. In the process, they have 
appropriated a substantial share of the agricultural 
enterprise. Rodents probably consume about 20 per- 
cent of the world’s grain harvest and perhaps as much 
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as 75 percent in some African countries.^ 

Most of agriculture’s other animal weeds are insects. 
Some of these creatures have ridden to global promi- 
nence as part of a crop’s “native” pest burden, but oth- 
ers just got lucky when a crop they could eat was 
brought to them. When corn, for example, reached 
Europe, it encoimtered a little Eurasian moth that had 
until then been a relatively minor agricultural nuisance. 
Today, the European corn borer is a major scourge 
with a worldwide distribution. It claims roughly 7 per- 
cent of the world’s corn and occasionally much more in 
particular regions. In some areas of Canada, for 
instance, it destroyed roughly 30 percent of the 1995 
harvest.’^ 

To their artificial flora, colonial farmers added their 
familiar artificial fatma. Cattle, horses, goats, sheep, 
and hogs became the dominant herbivores in agricul- 
tural landscapes all over the world. But unlike most of 
the major crops, the animals could generally survive on 
their own — and that is what they were often expected 
to do. Casual release of livestock has always been a part 
of frontier life in the New World. The seventeenth cen- 
tury English Puritans released their hogs into the New 
England forests to “breed in great numbers by reason 
of the abundance of acornes, [and] groundnutts,” in 
the words of John Winthrop, governor of Massachusetts 
Bay colony. Essentially the same practice can be found 
among modern ranchers in western North America or 
on the fringes of Amazonia.® 

The resulting explosion of wild livestock rivaled the 
weed invasions. By 1700, for instance, Virginia 
colonists were complaining that wild pigs “swarm like 
Vermaine upon the Earth.” Such swarms — of pigs, 
horses, and cattle — spread over much of the terrain in 



40 


LIFE OUT OF BOUNDS 


the Americas and Australia. The most dramatic swarm 
involved the cattle released on the Argentine pampas. 
As early as 1619, the governor of Buenos Aires report- 
ed that an annual cull of 80,000 did not lessen the wild 
herds in the vicinity of the town. An estimate dating 
from aroimd 1700 put the number of wild cattle on the 
pampas at 48 million — a herd far larger than the native 
bison on the Great Plains of North America. Fields in 
New England are often bordered by stone walls; on the 
pampas the preferred material was cow skulls. From 
the sixteenth century until the early nineteenth, most 
cattle in the New World were probably wild.’ 

All the resultant grazing, rooting, and browsing 
imposed enormous new pressures on landscapes that 
had assembled themselves under very different circum- 
stances. Pigs, for instance, are omnivores. They will eat 
not just whatever Winthrop meant by “groundnutts,” 
but roots, bark, many herbs, eggs, grubs, lizards, and 
nearly anything else that doesn’t get out of the way. 
Voracious and adaptable, the pig had no native ana- 
logue in the landscapes of eastern North America or 
Australia, or on the many islands where they were often 
“seeded” by mariners to insure a supply of meat during 
the next voyage. (See Chapter 5.) Herds of wild pigs 
found all these regions to be easy pickings, and in all of 
them, some herds continue to frustrate eradication 
efforts. 

Even where the exotic livestock had an obvious 
native precursor, the introduction could still precipitate 
enormous change. On the North American Great 
Plains, for example, the slaughter of the bison and the 
establishment of the cow as the primary grazer pro- 
foundly disturbed the native grassland. What can a cow 
do to a blade of grass that a bison cannot? Bison ranged 
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over hundreds of kilometers, following the fires that 
swept the plains in a natural cycle of renewal, bringing 
on flushes of new growth. But ranchers generally want 
their cattle closer to home. So a patch of range that 
once went years without feeling the teeth of the bison 
tended to get chewed over by cattle every year. And the 
constant grazing began to rearrange the floral mosaic; 
the plants the cattle liked best (and those least able to 
recover from their attentions) began to disappear, while 
the plants they liked least tended to spread. The overall 
effect was a reduction in floral diversity. Farther west, 
in the intermountain region and in the Southwest, the 
bison had rarely intruded; the bunchgrasses native to 
these regions rapidly gave way to the cattle and have 
never recovered." 

Grazing pressure often favors tough exotic plants at 
the expense of the natives. Many of the world’s most 
widespread rangeland plants owe at least some of their 
success to this mechanism. The cheat grass invasion of 
the western United States, for instance, was catalyzed 
by the heavy overgrazing of the native range. The 
region’s ranchers, incidentally, are still reluctant to 
condemn cheat entirely. Cheat is wretched forage most 
of the time, but in early spring its strong flush of growth 
provides lush grazing well before other grasses are 
available. (That lush early growth is the product of a 
root system that outcompetes the native wheat grasses 
for water — another reason for cheat’s dominance.) 

Since few grasslands outside Eurasia could take the 
uninterrupted grazing for long, the colonists began 
introducing European forage plants, which were better 
adapted to the herds. Unfortunately, any plant with the 
right stuff to make good forage is also likely to be a 
good rangeland invader, almost by definition — it 



42 


LIFE OUT OF BOUNDS 


thrives under heavy grazing pressure. More subtle 
mechanisms were often at work as well. For instance, 
clovers and certain other preferred forage plants can 
“fix” nitrogen; microorganisms growing in their roots 
convert elemental nitrogen, from the air in the soil, into 
organic compounds that plants can metabolize directly. 
In areas where few native plants can fix nitrogen, the 
process boosts the nutrient levels of the soil, and that 
allows in exotic weeds that would not otherwise be able 
to establish themselves.’^ 

This impulse to “improve” rangeland by introducing 
exotics is still a standard part of agricultural psycholo- 
gy, despite the hundreds of invasions that forage intro- 
ductions have already unleashed. Among the plants 
currently traveling the globe as forage, for example, is a 
member of the bean family. Glycine toightii, recom- 
mended on the Web site of the Oxford Forestry 
Institute as a tropical forage crop. One of glycine’s 
virtues, according to the description, is that it is “easi- 
er to propagate” than kudzu, the infamous Japanese 
vine introduced into the U.S. Southeast for forage and 
erosion control. Kudzu is now one of the region’s worst 
and most durable weeds. Glycine itself is already a pest 
in Australia.’^ 

The herds have unleashed invasions on a microbial 
level as well. Rinderpest, for instance, is a cattle disease 
of Eurasian origin that was accidentally brought into 
the Horn of Africa in 1890, in the blood of infected cat- 
tle. The Masai — the region’s preeminent herding peo- 
ple — speak of the first rinderpest epidemics in a way 
that recalls the 10 plagues of Egypt in the Book of 
Exodus: “Rinderpest was the first catastrophe, and it 
started like this. First of all there was an eclipse of the 
sun and it took place at about five o’clock in the after- 
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noon It was then that the rinderpest attacked the 

cattle. The epidemic finished the Masai cattle.”'^ 

It nearly finished a lot of wild herds as well. For 70 
years of so, the epidemics swept through buffalo, 
giraffe, wildebeest, eland, kudu, and many other 
species. Mortality in some species is thought to have 
reached 90 percent. Cattle vaccination programs even- 
tually broke the grip of the virus, although there are still 
occasional outbreaks. And rinderpest has left an endur- 
ing mark on the continent. Throughout most of this 
century, the epidemic dynamic — the sudden popula- 
tion crashes followed by equally explosive recoveries — 
is likely to have been the main force in shaping the wild 
herds. And through them, it has shaped the natural 
commrmities in general. The fortunes of predators like 
lions and hyenas, for example, followed those of their 
prey. And the herbivore population crashes opened the 
savannas to the spread of native acacia trees from 
adjoining woodland. (Heavy grazing usually kills acacia 
seedlings.) In the East African grasslands, the hypnoti- 
cally regular, even-aged stands of acacia probably owe 
their existence to rinderpest. In effect, the virus sculpt- 
ed much of East Africa’s rangeland.*® 

Among the other livestock diseases moving into 
African wildlife, perhaps the most serious is bovine 
tuberculosis, which has invaded South Africa’s Kruger 
National Park, the “crown jewel” of the country’s nat- 
ural areas. In the past couple of years, the disease has 
spread from infected buffalo into populations of kudu, 
lions, cheetahs, and baboons.*’ 

Agriculture is stirring up disease cycles on other 
continents too. Brucellosis (a cattle disease that causes 
spontaneous abortion) and bovine tuberculosis have 
infected North American elk and bison. In the United 
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States, hundreds of bison are killed every year out of 
fear that they will reinfect the western herds, which 
have been certified as brucellosis-free. (Wildlife biolo- 
gists generally dismiss that prospect as unlikely.) In 
South America, the quixotic attempts to convert 
Amazonian forest into ranches have yielded — ^besides 
ruined forests and degraded soil — sickly cattle that may 
have transmitted their ailments to the continent’s 
wildlife. Foot-and-mouth disease and bovine rabies 
have been cited as a possible cause of several South 
American mammal species declines. And recently, a 
poultry disease appears to have spread to Antarctica, 
where it has infected Emperor and Adelie penguin pop- 
ulations. The pathogen, known as infectious bursal dis- 
ease virus, already has a worldwide distribution and a 
high-virulence strain of it has recently emerged. Its eco- 
logical effects in Antarctica cannot yet be predicted.'* 
Agriculture has even had its own version of germ 
warfare. On the plains of the western United States, 
ranchers thought they saw an adversary at least as for- 
midable as the great nations of the Sioux, but mar- 
shaled somewhat lower in the grass. Prairie dogs, a 
group of native rodents, graze patches of prairie down 
hard to build their huge “towns” — warrens of tunnels 
topped with earthen lookout mounds. Burrows, 
mounds, and bare earth, often further worn by dust- 
wallowing bison: it sounds like some sort of natural 
analogue to a trailer park. But the prairie dogs are like 
the plains fires; what looks like damage is actually part 
of a healthy dynamic of renewal. Prairie dogs rarely 
remove more than 7 percent of the forage from an area, 
and the new vegetation that springs up around the 
towns tends to be much more diverse and nutritious 
than uninterrupted prairie. That is why the native 
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prairie grazers — the enormous herds of bison^ elk^ and 
antelope — depended so heavily on these islands of 
rodent business in the vast seas of grass. 

The ranchers^ however^ rarely saw farther than the 
bare ground. They killed as many prairie dogs as they 
could 3 and they tried to ignite epidemics by introduc- 
ing sick animals into healthy colonies. But they might 
have stuck with rifles and poison if they had realized 
why the animals were sick. Bubonic plague^ the infa- 
mous Black Death of medieval Europe^ found a second 
home in the prairie dog tunnels. By the 1930s3 98 per- 
cent of the prairie dogs had been eliminated and the 
survivors are still being poisoned — usually at taxpayers’ 
expense. (In some states^ it is actually illegal not to kill 
them.) And the plague continues to flourish. It has 
spread through 34 species of rodents and 35 species of 
fleas. It has crippled surviving prairie dog populations^ 
and since prairie dogs are a “keystone” species in the 
plains ecosystem^ the plague is likely to be a major 
obstacle to ecological recovery. To humans^ the New 
World strain of the plague is apparently far less virulent 
than its medieval European precursor^ but it still reach- 
es out and kills a few unlucky people from time to time. 
For wildlife in general^ the plagues unleashed by agri- 
culture may ultimately be as dangerous as simple brute 
conversion of habitat.^^ 

But these invasions of weed^ beasts and pest into pre- 
viously natural ecosystems are really only half the story^ 
since the ecosystems generally “invade back.” As agri- 
culture expands into new landscapes^ some of the orig- 
inal occupants of those landscapes expand back into it: 
invasion provokes counterinvasion. The European corn 
borer is a counterinvader; so is the Colorado potato 
beetle^ a native of the U.S. Southwest. The beetle used 
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to live imobtrusively on a native plant called sandbur, 
■which is a member of the large and widely distributed 
potato genus. Solarium. (A genus is a group of closely 
related species.) About 140 years ago, potatoes were 
introduced into the region, and the beetle discovered 
that this relative of its native food plant was good eat- 
ing as well. It has since become the most destructive 
insect pest of potatoes in both North America and 
Eurasia. This process remains a part of the agricultural 
dynamic, particularly in the tropics, where large-scale 
farming is still encroaching on large tracts of intact wet- 
land and forest. Cutover rainforest, for example, often 
bequeaths destructive fungi or other pathogens to the 
crops that succeed it.^^ 

A pest may enter the system several times or in sev- 
eral forms, thereby defeating hopes of reducing it to 
some sort of predictable equilibrium state. This is the 
career path of the late potato blight, originally a fungal 
pest of a wild potato species growing in central Mexico. 
The potato was brought from the New World into 
Spain in the sixteenth century and eventually became a 
mainstay of northern European agriculture. It is not 
clear how the fungus escaped its original range, but it 
spread to Europe in the 1840s and provoked the Irish 
potato famine, in which 1.5 million people died. The 
breeding of resistant varieties and the development of 
fungicides eventually suppressed the blight, and the 
potato went on to become the world’s most valuable — 
and most pesticide-dependent — ^noncereal food crop. 

But the blight has come out of retirement. Another 
strain of it emerged from central Mexico in the 1970s 
and had spread throughout most of the world’s potato- 
growing regions by the late 1980s. This “A2” strain is 
currently turning potato fields to pulp throughout 
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Nortli America and northern Europe. And it’s not 
about to be poisoned out of the fields^ since its success 
seems to be tied in some way to both strains’ growing 
resistance to metalaxyb the chemical most commonly 
used to suppress the blight. (Pesticide resistance is dis- 
cussed later in this chapter.) More ominous still is the 
interaction between the strains. When they encounter 
each other^ they can interbreed^ and this sexual repro- 
duction permits a much more rapid shuffling of genes 
than the nonsexuab clonal development that each 
strain pursues when on its own. Because of this height- 
ened genetic activity^ the blight’s sexual adventures 
greatly increase the possibility of new strains emerg- 
ing — strains even better adapted to local conditions 
than their parents. The blight is now reproducing sexu- 
ally in both Europe and North America^ and currently 
causing losses on the order of 20 percent of global 
potato production. 

★ ★ ★ ★ 

The invasion dynamic seems to be a permanent feature 
of large-scale agriculture. The system contains so many 
potential sources of disturbance — to both agricultural 
landscapes and to adjoining natural ones — that the 
prospect for long-term stability in either is a highly 
contingent affair. Consider these four dimensions of 
instability. 

First, the boundary between crop and weed is 
porous. Many crops are members of “complexes” — 
groups of closely related species with very similar habi- 
tat requirements that often interbreed. For example, all 
12 species in the oat genus, Avena, will interbreed — 
including domesticated oats and the extremely aggres- 
sive wild oats. Actually, the only reason that oats are a 
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crop at all is that ancient Mediterranean farmers gave 
up treating them as weeds and started growing them 
intentionally. (This proved a useful strategy — many 
major vegetable crops, including radishes, lettuces, 
beets, and leeks, probably began their agricultural 
careers as weeds.) Interbreeding within a complex may 
allow a newly introduced crop variety to pass some of 
its genes on to the crop’s wild relatives — a form of 
genetic invasion. Once in a while, such an invasion will 
result in a stable hybrid — a new weed that can then 
invade the fields where its domestic parent is grown. In 
the potato complex, for example, this process produced 
the Bolivian weed potato. A more common kind of 
leakage involves disease. Wild members of a complex 
can serve as alternative hosts to crop pathogens. Wild 
oat populations, for example, can be a reservoir for oat 
rust.23 

Second, several pest species may act together, as a 
kind of “super-organism.” In the natural world, crea- 
tures that have lived with each other, usually over a 
generous expanse of time, often form very close rela- 
tionships. The powerful currents of biotic mixing with- 
in global agriculture are producing all sorts of new rela- 
tionships at what is, from an evolutionary point of view, 
lightning speed. The process is essentially random: 
agriculture is continually sorting and resorting the 
denizens of its croplands, and every once in a while, 
two or three of them lock together. A disease finds a 
new vector, say, or a new “mutualism” develops — a 
relationship that benefits both of the organisms 
involved. In Hawaiian pineapple fields, for instance, the 
South American gray pineapple mealybug is a major 
pest because it helps spread a wilt disease. The mealy- 
bug is now being tended by another exotic, the big- 
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headed ant from Africa. (In exchange for the mealy- 
bug’s secretions, the ants chase off the bugs’ predators.) 
Once a new mutualism like this is established, natural 
selection may then mold it into a more efficient form. 
Selection pressure may, for example, produce a higher 
level of protectiveness in the ants.^‘‘ 

Third, movement between the agricultural and the 
natural landscape can produce counterintuitive results 
that may damage both environments. Take the relation- 
ship between tropical rainforests and tropical crops. 
Diseases in banana and coffee plantations, for example, 
are often caused by some pathogen normally present in 
a nearby forest, but not at levels high enough to do the 
forest serious harm. Once it is within the more uniform 
plantation, however, the pathogen may find conditions 
so much to its liking that it achieves a kind of “critical 
mass.” It becomes an epidemic, which chews up the 
plantation and then reinfects the forest, destroying 
trees that had resisted it at lower levels of infection. 
And these epidemics, in turn, may trigger huge new 
managed invasions of the crops. For more than a cen- 
tury, Central America’s banana industry has been peri- 
odically overwhelmed by an assortment of virulent dis- 
eases. The region’s banana growers now own thousands 
of hectares of undisturbed forest, partly as insurance 
against future epidemics: should a plantation be 
ruined, the forest can be sacrificed to start afresh.^^ 
The fortunes of the honeybee in North America 
offer a more subtle and long-term example of this kind 
of reverberation. The first hives of this Old World insect 
arrived in the colonies in the 1620s; honey was a 
sought-after commodity on a continent that had little 
to offer besides maple syrup as a sweetener. But this 
invertebrate livestock strayed as readily as its vertebrate 
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counterparts, and the bee was soon in the vanguard of 
colonial expansion. The indigenous people called it 
“the white man’s fly,” and much as they too learned to 
value the honey, they saw its arrival as a foreboding 
harbinger of the colonists themselves. Today the honey- 
bee is valued not so much for its honey as for its polli- 
nating power. Some crops rely on wind to carry their 
pollen — grasses like corn and wheat are wind-pollinat- 
ed. But among crops that depend on insects for polli- 
nation, the U.S. Department of Agriculture estimates, 
perhaps somewhat generously, that the honeybee does 
the job 80 percent of the time. One reason for the hon- 
eybee’s importance is that so many of the continent’s 
native insect pollinators — its native flies, moths, wasps, 
beetles, and bees — ^have been fading from the scene as 
their habitats are destroyed and, perhaps, as the honey- 
bee has displaced them.^® 

But the honeybee’s ubiquity is now working against 
it. Several diseases, combined with two parasitic mite 
species that invaded the continent in the 1980s, have 
forced the bee into rapid decline. (The mites appar- 
ently arrived in the United States from Europe, the 
honeybee’s native range, where they are inflicting sim- 
ilar damage.) The honeybee — in a sense, the most 
important animal species in U.S. agriculture — cannot 
be protected by quarantine because it exists in contin- 
uum over the continent’s landscape. Or it did, anyway: 
since 1990, the country’s total honeybee population 
(both the wild and domestic colonies) dropped by at 
least a quarter, and in many areas the wild populations 
appear to have been nearly eliminated.^’ 

In the Deep South, the problem is likely to be com- 
plicated by an overlapping invasion of the Africanized 
“killer bee,” a descendant of an African honeybee 
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strain accidentally released from a Brazilian experi- 
mental apiary in 1957. Since then the swarms have 
been working their way north, hybridizing with 
European colonies as they go. (This interbreeding 
inspired the term “Africanized,” to distinguish the 
hybrid from the pure African strain.) The Africanized 
bee crossed into the United States in 1990 and has 
thus far spread into the extreme Southwest, from Texas 
to southern California. It may eventually spread 
through most of the southern states. Although the 
Africanized bee will not contribute directly to the hon- 
eybee decline, it will make beekeeping — whether for 
honey or for pollination — more expensive. The inter- 
breeding with European bees will force beekeepers to 
replace the queens in their hives more frequently, to 
prevent the hives from developing aggressive traits.^® 

The fourth and perhaps most important dimension 
of instability is the fact that pests keep changing. In 
agriculture as in the natural landscape, the processes of 
natural selection are continually at work. A crop pest 
population is an implacable, relentless genetic 
machine, performing millions of tiny evolutionary 
experiments simultaneously, in the bodies of its indi- 
vidual members. In the wild, a successful bit of adap- 
tation may not mean very much. An insect may grow 
marginally better at digesting a certain t 5 q)e of plant; a 
plant may become marginally less edible. But in glob- 
al agriculture, a little adaptation can rearrange the 
whole landscape. When a strain of the late potato 
blight, for example, finds a way to eat blight-resistant 
breeds of potato, it gains the keys to a kind of global 
dominion. 

The most disruptive feats of adaptation usually 
come in response to pesticides. Precisely because they 
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are so potent, pesticides invite evolutionary innovation. 
Attack a pest with a chemical that kills 99.9 percent of 
its population, and you offer a huge reward to the 0.1 
percent that survives. Do this year after year, on field 
after field, and you may end up creating a monster. 
That is what happened, for instance, with a tiny sap- 
sucking insect variously known as the sweet potato or 
tobacco whitefly. Originally from the Mideast or 
Central Asia, the whitefly had spread widely through- 
out the globe by the 1920s and it eventually developed 
a taste for a huge range of crops — tobacco, cotton, mel- 
ons, and tomatoes, to name a few. But it was generally 
a minor nuisance until it began to acquire pesticide 
resistance in the early 1980s. A decade later, it explod- 
ed across California, destroying tens of millions of dol- 
lars in crops in the process. And as the pesticide-resis- 
tant form — the “B-biotype” — spread around the 
world, its resistance strengthened, as did its appetite. 
Today, the B-biot3rpe is resistant to most common 
insecticides and is known to attack some 600 plant 
species (but not, thankfully, any grains). It is also trans- 
mitting at least 60 plant viruses. The whitefly may be 
doing its worst in South America, where the spread of 
viruses by the B-biotype has led to the abandonment of 
more than 1 million hectares of cropland. Some 
experts now regard the whitefly as the world’s most 
serious agricultural pest.^’ 

The weeds are changing as well. We do not really 
understand what we are doing when we use herbicides 
to kick the genetic machinery of a weed population, but 
we do know, firom painful experience, that this machine 
too is booby-trapped. Many aggressive weeds have 
shown an ability to develop “cross-resistance” — a reac- 
tion in which exposure to one herbicide produces resis- 
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tance not just to that chemical but to other^ complete- 
ly different chemicals as well. (The general explanation 
for this phenomenon is that the weed has adjusted 
parts of its metabolism that many herbicides attack.) 
Australian wheat fields^ for instance^ are commonly 
infested by a weed called annual ryegrass. In 1977:, 
Australian farmers went after the ryegrass with a new 
herbicide, diclofop-methyl, because it had developed 
resistance to an older chemical. By 1981, the grass had 
bounced back, but not just with resistance to diclofop- 
methyl: one carefully studied population was found to 
have developed some degree of resistance to 14 other 
herbicides. This cross-resistance is now common in 
Australian ryegrass infestations. And scientists have 
found resistance to at least one other major herbicide 
as well: glyphosate, sold under the trade name 
Roundup. Herbicide-resistant ryegrasses are popping 
up in North America too. If we cannot find a way to 
ease the chemical pressure on annual ryegrass, we may 
need to take a cue from the ancient Mediterranean 
farmers with their oats — and figure out how to eat it.^^ 
“Ecological narcotics” is the term some researchers 
use for pesticides, and there is no doubt that agricul- 
ture has a massive chemical dependency — about $31 
billion a year is spent on pesticides. But as far as we can 
tell, pesticides have never completely eliminated a sin- 
gle bug or weed. And more and more pesticides are los- 
ing their punch in one fight or another, as resistance 
continues to spread. (See Figure 2-2.) Currently, some 
degree of resistance has been discovered in about 900 
pest species. 
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Species 

600 — 

Source: See endnote 31 



Figure 2-2. Number of Pesticide-Resistant 
Species^ 1908-94 


While particular pests may fade from the scene for one 
reason or another^ no category of pest shows any sign 
of disappearing^ and many are doing as well as the 
crops. Of the major arthropod pests (the crop-eating 
insects and their relatives) ^ about two thirds are now 
cosmopolitan — that is^ they occur virtually everywhere 
there is available habitat. Nearly all major grain 
pathogens are cosmopolitan as well. And although the 
evidence is much less comprehensive^ some experts 
suspect that during the past couple of decades out- 
breaks of crop viruses have increased in both severity 
and frequency. Overall one of the grand paradoxes of 
agriculture is that^ despite an enormous escalation of 
investment in pest control there may have been a slight 
long-term increase in the proportion of crops lost to 
pests. Pests are thought to have claimed about a third 
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of the harvest in medieval Europe; today their take of 
global production probably amoxints to something on 
the order of 35-40 percent. (See Table 2-1.) And that 
represents a monstrous increase in absolute terms, 
given the huge increases in yields since the middle of 
the century. (Since 1945, global yields have risen two- 
to fourfold, depending on the crop.) During the past 40 
years, crop loss to insects alone has nearly doubled, 
despite a 10-fold increase in both the amount and the 
toxicity of insecticides applied.^- 

So perhaps it is fair to say that the mammoth yield 
increases have been paid for, in part, by the mammoth 
losses to pests. It is possible that new agricultural tech- 


Table 2-1. Share and Value of Agricultural Production Lost 
to the Major Pest Categories, by Region, 1 988-90’ 

Annual Value 


Region 

Share of Loss 

of Loss 


(percent) 

(billion 1990 dollars) 

Europe 

28 

16.8 

Nortii & Central America 

31 

23.0 

Oceania 

36 

1.9 

Russia 

41 

22.0 

South America 

41 

21.8 

Asia 

47 

145.3 

Africa 

49 

12.8 

Average/Total 

42 

243.7 


‘Eight principal food and cash crops. Annual averages from 1988 
through 1990. 

Source; E.-C. Oerke et al., “Conclusions and Perspectives,” in 
E.-C. Oerke et al.. Crop Production and Crop Protection: Estimated 
Losses in Major Pood and Cash Crops (Amsterdam; Elsevier, 1994), 
as adjusted in George N. Agrios, Plant Pathology, 4th ed. 
(San Diego, CA; Academic Press, 1997). 
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niques may allow us to push the losses down some- 
what, especially where they are well above the global 
average. Africa, for example, loses about 49 percent of 
its major crop production to pests, although these loss- 
es have relatively little to do with resistance, since pes- 
ticide use there is less prevalent than in other parts of 
the world. (Global resistance trends, however, should 
serve as a warning against trying to “fix” African agri- 
culture by pouring on the pesticides.) And yet, taking 
the system as a whole, several developments should dis- 
pel any complacent faith in agricultural progress.^^ 
There is, first of all, the constant dribble of new inva- 
sions. Some 70,000 pest species are already attacking 
crops, but new ones are entering the system all the time 
and it is never certain where they will end up. In 
Central America, for example, a species of leafhopper 
has been found to be carrying three extremely potent 
corn pathogens — a virus and two simple unicellular 
organisms called mollicutes. Outbreaks of the disease 
complex in Nicaragua in the mid-1980s cut yields 
60-100 percent. Will this disease complex eventually 
make its way into the U.S. Midwest, the world’s pre- 
mier corn-growing region?^^ 

And among the new invaders, there is always the 
potential for something unexpected, something more 
than simple additive pressure. Consider this little pink 
sluglike thing — a soil flatworm native to New 
Zealand — that was discovered in the British Isles in the 
1960s. It has recently proved to be an extremely effec- 
tive predator of the local earthworms. When it finds a 
worm, the flatworm secretes enzymes that first appear 
to anesthetize it and then “digest” it into a little wad of 
pulp, at which point the flatworm eats it. In some 
infested areas, especially in the cooler parts of the 
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islands, the flatworm has now essentially wiped out the 
earthworms. Since earthworms are critical to the life of 
the soil, the flatworm might eventually inflict a far more 
serious biotic injury on its new range than would be 
expected from a standard crop pest — even a fairly 
aggressive one. And there is always the possibility that 
the flatworm could spread throughout northern 
Europe, or that some of its relatives could find room on 
the continent as well. (New Zealand has about 200 flat- 
worm species — ^Europe only has 6.)^^ 

Several trends in developing-world agriculture may 
give pests that are already in the system greater room to 
maneuver. Since the mid-1980s, the U.S. Agency for 
International Development (the U.S. government’s for- 
eign aid service) and some international development 
agencies have been funding the production of nontra- 
ditional export crops in Latin America. The region has 
seen a huge surge in high-value produce like snowpeas, 
tomatoes, melons, mangos, strawberries — even flowers. 
But these export operations tend to make intensive use 
of pesticides, and the crops themselves are very inviting 
to whiteflies. That is not a good combination: heavy 
pesticide use eliminates predatory insects that can help 
keep pest populations under control, but it doesn’t 
much bother the whiteflies themselves. As the popula- 
tions of whiteflies and other virus-carrying insects 
explode, they are injuring not just the export crops but 
subsistence crops as well. Beans, for example, are a sta- 
ple throughout the region, and the principal limit on 
bean production in Latin America is a whitefly-trans- 
mitted pathogen called the bean golden mosaic virus. 
Bean yields are already very lowj representative yields 
in Central America are just under a third of what would 
be regarded as a solid harvest in the United States, and 
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the number of viruses attacking beans is rising. Such 
developments cast a long shadow, since similar nontra- 
ditional crop strategies are being adopted in parts of 
Africa and Asia as well.^® 

Traditional agriculture is retreating on another front 
too. Throughout the developing world, farmers are 
abandoning their traditional crop varieties, known as 
“landraces,” in favor of the Green Revolution strains 
developed by industrial agriculture. Most major crops 
originated in the tropics or the Middle East, and 
most of their genetic diversity remains in their areas of 
origin. The landraces are the principal vessels of this 
namral wealth. So, in a sense, the displacement of land- 
races by the Green Revolution strains is bringing the 
invasion ecology of agriculture full circle: the industri- 
al varieties are reinvading their native ranges — and 
displacing their ancestral stock.^’^ 

The loss of the landraces sets the scene for further 
pest trouble in two ways. In the first place, it causes an 
immediate increase in crop vulnerability. Landraces are 
generally rather low-yielding in comparison to their 
Green Revolution cousins when the latter are grown 
under optimal conditions. But because landraces are so 
much more diverse genetically, landrace agriculture is a 
very durable enterprise. A traditional potato field in the 
Andes, for instance, may have 20-30 different kinds of 
potato in it. No single pest or bad stretch of weather is 
likely to destroy the entire crop. Green Revolution vari- 
eties, on the other hand, are high-performance but very 
delicate instruments: they require lots of water, chemi- 
cal fertilizer, and pesticides. Even then, it is not always 
possible to make them work: the arrival of genetically 
imiform wheat in India, for example, transformed a 
minor fungal disease called karnal bunt into a major 
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pest. It reached epidemic proportions in India, and has 
since spread into the southwestern United States.^® 

The second problem concerns the long-term securi- 
ty of the industrial strains themselves. Landraces are 
genetically dynamic^ they are constantly testing them- 
selves against their surroundings, constantly evolving 
new forms of stamina. An industrial variety, on the 
other hand, is static^ its genetic composition is set by 
the company that produces it. To make the industrial 
varieties less vulnerable to pests, breeders rely continu- 
ally on the genetic “wisdom” of the landraces, either 
directly or through seedbanks. Over the long term, 
therefore, the loss of the landraces could make it 
increasingly difficult to keep industrial varieties ahead 
of the pests. At present, this loss may be reducing the 
reservoir of crop genetic diversity by as much as 1-2 
percent per year.^® 

It is true, however, that agriculture is developing new 
pest-fighting abilities. One of the most powerful cur- 
rents in biology today involves biotechnology — tech- 
niques for manipulating genes and for moving them 
from one organism to another, often very different 
organism. These technologies hold enormous promise 
on many fronts — in agriculture, medicine, and even the 
fight against exotics (see Chapter 9). Biotech has 
already proved itself as a means of making far more 
effective use of a landrace’s genetic wisdom. Several 
years ago, for instance, biotech researchers were able to 
pinpoint a gene that confers resistance to leaf blight in 
a strain of wild rice, and splice that gene into a domes- 
tic rice variety. (Leaf blight is the most common bacte- 
rial plant disease in the world.) That task might have 
taken decades with traditional breeding techniques. 
Biotech may eventually allow the gene to be used in 
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many crops besides rice — an application that would not 
even be possible with traditional breeding.^® 

But despite its power, biotech is no more a permanent 
“fix” for the invasion dynamic than any agricultural 
technology that has gone before it. Any technology can 
boomerang. One focus of biotech, for example, has 
been engineering crop varieties with a higher tolerance 
to certain herbicides. (Some herbicides cannot be used 
effectively on certain crops, because they would kill the 
crops as well as the weeds.) Other transgenic crops are 
being developed to produce their own insecticide, gen- 
erally the toxin secreted by the soil bacterium Bacillus 
thuringiensis (Bt for short). (Both herbicide-tolerant 
and Bt toxin crops are now in production; see Chapter 
8.) In the case of herbicide-tolerant crops, it has 
already been shown that the engineered genes can 
sometimes “escape” into a crop’s weedy relatives 
through interbreeding, thereby conferring a degree of 
herbicide tolerance on the weeds.^’ 

This kind of genetic pollution is not likely to have 
much ecological importance outside the areas where 
herbicide is being applied. Beyond the reach of the her- 
bicide, plants with the gene would probably not enjoy 
any advantage over plants that lack it. Where no “selec- 
tion pressure” favors it, the gene will grow rarer with 
each generation and eventually just disappear into the 
background static of the weed’s genome. But near 
cropland, regular herbicide exposure could spread the 
escaped gene through the weed population and create 
yet another resistance headache. 

Even in the absence of such genetic pollution, wide- 
spread use of herbicide-tolerant or insecticide-produc- 
ing crop systems may increase the rate at which pests 
become resistant. That would be especially unfortunate 
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in the case of which is widely regarded as far less 
dangerous ecologically than synthetic pesticides. 
Resistance to Bt has already been identified in the dia- 
mond-back mothj a worldwide pest of the mustard 
family:, which includes rape^ cabbage^ broccoli^ and var- 
ious other mainly vegetable crops. Widespread resis- 
tance to Bt would deprive farming of one of its most 
reliable controls against insect pests in the butterfly and 
moth family. 

It is also possible that an engineered organism itself 
might prove unpredictably disruptive. Such an event is 
very unlikely^ but an experiment in 1994 showed that it 
cannot be dismissed entirely. Two scientists at Oregon 
State University were testing the behavior of an engi- 
neered microbe they hoped could be used to boost 
energy efficiency on the farm: they had altered a com- 
mon soil bacterium to produce ethanob a fuel alterna- 
tive to gasoline^ from crop residues. But the scientists 
found that when the bacterium was introduced into 
their soil chambers^ the level of mycorrhizal fungi 
dropped by more than half. These fungi grow in close 
association with the roots of many kinds of plants. They 
play a critical role in plant nutrient intake and are essen- 
tial to the functioning of ecosystems — both agricultural 
and natural — all over the world. ‘‘So if the bacterium 
had been released^ it could have been a real problem/’ 
one of the scientists explained dryly to The Oregonian 
newspaper. “If the organism survived readily and spread 
widely^ very likely we would be unable to grow crops 
without a control measure for this organism 

Transgenic crops are a long way from the first tenta- 
tive sowings of edible wild plants 1 0 millennia ago^ and 
yet in a sense:, both these sowings and all the harvests in 
between are of a piece. They are alh in one way or 
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another, efforts in managed invasion — combined with 
efforts to manage the “revenge invasions” that 
inevitably result. Modern agriculture is a highly inte- 
grated enterprise with a global reach, and a consequent 
degree of biotic mixing that has little precedent in 
terms of either its rate or its scale. Today, it can be dif- 
ficult to know what to call exotic and what native — even 
the native pests have become exotic in a way, because 
the landscapes they recolonize have been so thorough- 
ly remolded. The dull, comfortable familiarity of a 
cornfield, say, or a sugarcane plantation makes it diffi- 
cult to see large-scale agriculture for the radical evolu- 
tionary experiment that it is. But agriculture has dis- 
solved ancient, stable, and highly diverse landscapes all 
over the world and replaced them with new, relatively 
simple, and extremely unstable combinations of plants 
and animals. In the years ahead, one of the greatest 
challenges that agriculture will face is increasing the 
stability of the artificial ecosystems it has created.'*^ 
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After all the blood and iron he had lavished on his new 
realm, Menelik the Second was not about to be defeat- 
ed by lack of wood. By the early 1890s, after two 
decades of fighting the Egyptians, British, Italians, and 
various local clans, Menelik had managed to forge a 
more-or-less united Ethiopia, with himself at the head 
of it. But now his capital, Addis Ababa, was running 
out of fuelwood. Wood was as much the stuff of life as 
water or teff, his subjects’ favorite grain. Wood meant 
shelter, warmth, and food. Addis had been founded 
just a few years earlier as Menelik’s imperial seat — “the 
new flower,” its name meant. But already it was taking 
on the discouraging aspect of its predecessor, Entoto, a 
squalid highland camp that had been abandoned for 
lack of wood. The landscape around Addis was barren 
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now too. And all over the country, the acacia, fir, and 
scrub were disappearing. Around many towns hardly a 
tree was left in sight, and off beyond the blazing hori- 
zon, nomads and wood haulers chopped away at the 
receding bush.' 

Bans on wood cutting meant little to his subjects, so 
Menelik appealed to the technology of his French 
allies. In its colonies on the other side of North Africa, 
France had extensive experience with the introduction 
of exotic trees. At Menelik’s request, a French railway 
engineer arranged for the introduction of a species of 
eucalyptus, a group of trees native to Australia and 
some of the nearby islands. Eucalyptus globulus, the blue 
gum tree, arrived in Ethiopia.^ 

Menelik proceeded to conjure up a huge gum forest. 
He gave the trees away or sold them for next to noth- 
ings he exempted land planted in eucalypts from taxes. 
The sharply perfumed “incense trees” even took on the 
odor of sanctity, when the Ethiopian Orthodox 
Church, ascendant over matters spiritual in Menelik’s 
realm, endorsed the planting too. By the first decade of 
this century, Ethiopia’s chronic wars had become a dis- 
tant clamor in a mind confused by strokes and syphilis, 
but Menelik could watch his blue gums gathering 
strength. Tufts around the houses began to merge into 
a blue-green sea that floated above the dust.^ 

Less than a decade after Menelik died in 1913, 
Charles Rey, an Englishman who spent several years in 
Ethiopia, described the road to Addis from the north. 
From the furnace of the Blue Nile Gorge, the traveler 
ascended a steep, crowded path and emerged into the 
cool air of the Shewan highlands, where “one seems to 
be about to enter a forest, and it is only on a near 
approach to the town that houses begin to stand out 
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amongst the trees, and the rays of the sun sparkling and 
glittering on the metal roofs and white-washed walls 
make one realize that a town, and an extensive one at 
that, is hidden in the foliage.”^ 

Addis Ababa, the administrative and industrial heart 
of Ethiopia, was built on the vigor of the blue gum — as 
were hundreds of Ethiopian villages. Its urban gum for- 
est was so extensive, and so much a part of Addis, that 
a French contemporary of Rey’s suggested changing 
the city’s name to Eucalyptopolis. In most of Ethiopia 
today, the native forest cover is a minor part of the 
landscape.^ 

There is something primal in Menelik’s achieve- 
ment: getting the landscape to do more or less what 
you want it to is perhaps as close to magic as humani- 
ty is likely to get. We are used to seeing this happen with 
crops, but we recognize agriculture as an industry — 
with all the material and financial “inputs” that come 
under that rubric. With trees, the gradation between 
the wild and the artificial is less obvious. And Menelik’s 
blue gum state may well be unique: probably no other 
economy in the world chops so much of its wood in 
artificial forests of exotic trees. 

But that may change. Plantations of tough, vigorous 
trees like the blue gum are carpeting more and more of 
the planet, even as natural forests continue to shrink. 
The data are very vague, but it seems that tree planta- 
tions cover at least 180 million hectares — just 10 mil- 
lion hectares less than the total land area of Mexico. 
(And that’s excluding the enormous agricultural tree 
plantations of the tropics, primarily palm and rubber.) 
About half of global plantation area is in industrial 
countries and half in the developing world.® 

A great many plantations are still nonindustrial — 
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they consist of community woodlots, agroforestry pro- 
jects, erosion control plantings, and so on. But at least 
100 million hectares of the global plantation estate is 
for the production of timber, wood chips, pulp, and 
industrial fuelwood. And this area is expanding vigor- 
ously, especially in the tropics. Between 1965 and 
1990, the tropical plantation area increased at least 
fivefold and possibly sixfoldj most of the countries with 
major plantations have announced plans to double 
their plantation areas between 1995 and 2010.’ 

North American and European plantations are com- 
posed mostly of trees native to the regions in which the 
plantations are installed. That does not necessarily 
make them environmentally benign, of course, but it 
may allow for a substantial degree of continuity 
between the managed and the wild landscape. In some 
areas, particularly in Scandinavia, the distinction 
between plantation and native forest is not always obvi- 
ous. Elsewhere, however, the industrial plantation is pri- 
marily an exotic industry relying extensively on a dozen 
or so species of eucalypt, pine, and, to a lesser degree, 
acacia. In 1990, eucalypts and pines accounted for 
more than 80 percent of the plantation area in tropical 
America, about 50 percent in tropical Africa, and about 
20 percent in Asia-Oceania. Virtually all these plantings 
are exotic, and so are many of the rest. The eucalj^ts 
and pines are marching over the warm temperate 
regions as well: Argentina, Australia, Chile, China, New 
Zealand, Portugal, South Africa, Spain, and Uruguay all 
have extensive exotic plantations in these species.® 

Exotic eucalypt plantations alone covered some 10 
million hectares in 1990, and their realm is likely to be 
considerably larger by now. Some eucalypt species, 
such as the blue gum, are probably now growing in vir- 
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tually every country within the tropical and warm tem- 
perate regions.® 

The eucalypts and their fellow exotics are not gener- 
ally destined for wood production in the ordinary sense 
of the term. Probably less than 20 percent of tropical 
industrial plantation area is grown for lumber. 
Fuelwood is a more common product, both for private 
homes and for industrial use. In southeastern Brazil, 
for instance, the expansion of eucalypt plantations to 
fire the area’s many steel mills has been a major factor 
in the continued decline of the country’s Atlantic 
forests — perhaps the most biologically diverse and 
endangered forest communities in the world. In the 
early 1980s, close to 40 percent of tropical plantation 
area was devoted to fuelwood. But that proportion has 
probably declined since then, in favor of the “fiber” 
sector, whose main customer is the $337-billion-a-year 
pulp and paper industry. It is impossible to pin down 
an exact proportion (partly because the same trees can 
be used for either fuelwood or fiber), but most tropical 
industrial plantation area today is probably producing 
paper, fiberboard, or other low-grade wood products.*® 

Increasingly, the pulp and paper industry is using 
developing-country plantations to feed the paper 
addiction of industrial countries, which currently con- 
sume more than three quarters of the industry’s global 
output. Paper and paperboard now account for about 
44 percent of international trade in forest products, by 
value. And given the growing importance of develop- 
ing-country pulp production, it is perhaps not surpris- 
ing that plantations are absorbing a substantial amount 
of foreign aid. Pulp plantations are often funded by 
governments of countries such as Canada, Finland, 
Japan, and Sweden, which have highly developed 
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forestry or paper sectors that stand to benefit from the 
plantations. (The plantations serve as sources of raw 
material, or as customers for the domestic industry’s 
engineering, construction, and consulting sectors.) 
International lenders are also involved. Between 1984 
and 1994, for example, the World Bank lent more than 
$1.4 billion for the establishment of 2.9 million 
hectares of tree plantations all over the world.** 

Fiber plantations are a paradoxical operation; 
despite the furious planting of billions of trees, they are 
deeply implicated in the machinery of deforestation, 
especially in the tropics. To understand why this is so, 
you must first see a pulp plantation for what it is — a 
kind of cyborg landscape, superficially natural but real- 
ly just part of a machine. Most plantations are mono- 
cultures, like giant cornfields. And, like cornfields, they 
require intensive management. To suppress pests and 
competing vegetation, they are doused with pesticides, 
which poison soils and watersheds. In southeastern 
Brazil, for instance, pesticide runoff from the CENI- 
BRA and Bahia Sul Celulose plantations has apparent- 
ly ruined the fishing base of local communities.*" 

Plantation soil is often compacted by heavy equip- 
ment and eroded by downpours that pass undeflected 
through the sparse plantation canopy. And then comes 
the harvest: pulp trees can be clearcut in 10 years or 
less. The cumulative result is a severe insult to the soil. 
Depleted of nutrients, compacted, and scarred by gul- 
leys as deep as a meter, plantation soil is usually good 
for little else besides another crop of chemically depen- 
dent exotic trees — and eventually not even good 
enough for that.*^ 

Apart from sheer displacement of native forests, the 
plantations exert a number of malign effects that 
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extend well beyond the plantation boundaries. Both 
eucalypts and pines are widely blamed for lowering 
water tables. (Eucalypts especially are famous for being 
able to absorb large quantities of water through their 
roots, and then ''exhaling” it through their leaves — a 
quality that gained them a role in many wetlands-drain- 
ing projects during the nineteenth century.) In coun- 
tries as diverse as Brazil, Chile, India, Spain, and 
Thailand, people have complained about the drying 
effect of the plantations; in some areas in Thailand, 
water tables have reportedly dropped to levels that 
make rice farming impossible. Eucalypt plantations 
owned by Aracruz Celulose, in eastern Brazil, are 
reported to have dried up 156 streams and one river, 
the Sao Domingos. 

Many commercial species are spreading beyond the 
bounds of their plantations and invading valuable nat- 
ural areas. The Usambara Mountain range of north- 
eastern Tanzania, for example, is a "hot spot” of plant 
diversity: the area contains many endemic species 
(that is, species that grow nowhere else). But the 
plantation tree Maesopsis eminiiy native to central 
Africa, threatens to displace much of the native forest. 
At least 1 9 pine species have invaded various countries 
in the southern hemisphere — including Australia, 
Madagascar, Malawi, New Zealand, South Africa, and 
Uruguay. Eucalypts seem generally to be less invasive 
than pines, although they appear on weed lists in many 
countries, and eucalypt invasions are displacing what 
remains of the native vegetation in areas of the 
Mediterranean Basin. 

Some plantation species are spreading by fire. They 
burn readily, and the fires extend into surrounding veg- 
etation; then they colonize the burned-over areas 
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before native plants can come back. This mechanism is 
at work in South Africa’s Cape Floral Kingdom, anoth- 
er endemic hot spot that contains perhaps the most 
diverse flora on Earth. (See Chapter 5.) Exotic pines, 
acacias, and eucalypts have burned their way into the 
Kingdom and now dominate thousands of hectares, 
threatening some 750 endangered plant species.*^ 

The governments, corporations, and aid agencies 
involved in the plantation boom commonly claim that 
plantations reduce the pressure on native forests and 
that they constitute a kind of reforestation. By and 
large, these claims are a rhetorical sleight of hand. The 
tropical pulp operation is inimical to native forests, 
partly because it wants to “mine” the soil and water 
underneath them, and partly because it cannot resist 
the quick profit from logging. That is why pulp planta- 
tions are generally part of a package that includes, either 
directly or indirectly, the logging of native forest. In 
what remains of Thailand’s native forests, for instance, 
local companies allegedly pay people to log illegally, so 
that the land can be recategorized as degraded, which 
exempts it from the country’s strict anti-logging statutes 
and makes it available for plantations.'’ 

In places where the forest is more plentiful, such pre- 
texts are usually unnecessary. Native forest may be 
logged to feed new pulp mills, which will eventually 
operate with plantation fiber once that becomes avail- 
able. The Perawang pulp mill on Indonesia’s island of 
Sumatra, for instance, is chewing up 200 square kilo- 
meters of highly diverse old growth forest every year 
while waiting for its acacia plantations to mature in 
2000. In such cases, logging profits cover the cost of 
setting up the plantations, while the plantations provide 
the public relations cover for the logging. A vice presi- 
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dent for the company that owns the Perawang opera- 
tions once explained the process with refreshing can- 
dor: “Basically, we are looking for forest that can be 
clear-cut and replaced with eucalyptus and acacia.” 
Thus far, Indonesia has converted some 2.2 million 
hectares of forest to plantation, and the country plans 
to convert another 6 million hectares within a decade.'® 
As the cyborg landscape swallows up natural space, 
it is also invading cultural space. Another big difference 
between a forest and a plantation is that the latter has 
precious little room for people. In many parts of the 
developing world — in countries as diverse as Chile, 
Brazil, Indonesia, and Thailand — indigenous and other 
rural peoples, who are often not integrated into the 
mainstream economy, have been forced out of the 
forests to make way for the eucalypts. In such circum- 
stances, the plantation may become a kind of autocrat- 
ic instrument — a means of enforcing the will of the 
state in regions that may not be inclined to obey. 

There is a logic of analogy here: both forests and cit- 
izenry can be “improved” — made more orderly, obedi- 
ent, and productive in ways that the authorities are like- 
ly to value. In Thailand, for instance, the military junta 
that seized power in February 1991 designated some 
14,700 square kilometers for private-sector plantations 
in the country’s northeast, an area identified as a cen- 
ter of resistance to military rule. The program was sus- 
pended when the junta was overthrown in May 1992, 
but not before some 40,000 families had been dis- 
placed. In Indonesia, plantations are destroying the tra- 
ditional land tenure system of the forest peoples, along 
with their renewable forest economies based on fruit, 
rattan, and slash-and-burn agriculture.'® 

In a few countries, popular opposition has stopped 
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or at least slowed the plantation invasion. “The fascist 
tree” is what small-scale farmers in Spain and Portugal 
often call the eucalypt, and in Spain especially, the label 
is apt: large-scale plantations are a legacy of the Franco 
era. In both countries, a spate of anti-eucalypt riots 
broke out around 1990, and several new plantations 
were demolished. The eucalypt seems to have gone into 
decline on the Iberian Peninsula.-® 

Thai farmers have taken similar action, but with 
more limited results. In the Thai countryside, eucalypts 
are sometimes called “demons” because they hog 
nutrients and water and they harden soil. Resistance 
has sputtered along for more than a decade; the biggest 
flare-up was a riot in Buriram province, northeast of 
Bangkok, when some 2,000 people burned a planta- 
tion. Opposition has forced the cancellation of some 
projects, as in 1990, when Shell Oil abandoned its 
plans to plant 12,000 hectares of eucalypt inside a for- 
est reserve in Chanthaburi province — a project that 
had attracted favorable attention from both the 
Canadian and Finnish governments and that involved 
illegal logging. In Indonesia, however, numerous small 
rebellions against the plantations seem thus far to have 
achieved little.^* 

Elsewhere the invasions continue largely unopposed. 
In Laos, tens of thousands of hectares of plantations 
are being planned by Thai companies, the Laotian mil- 
itary, the World Bank, the Asian Development Bank, 
and the Finnish government. Other projects are report- 
edly in the works for Myanmar (formerly Burma), 
which has about 70 percent of the world’s remaining 
natural teak forests. And in southern China, 
Indonesian plantation magnates are setting up joint 
ventures to put more than 220,000 hectares into euca- 
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lypt. The process has perhaps reached its extreme in 
Chile: 80 percent of that country’s forest industry is in 
Monterey pine (native to southern California) and 
eucalypt; forest products have become the second 
largest export sector after copper; and according to the 
U.N. Food and Agriculture Organization, the rapacious 
destruction of its native forests now qualifies Chile as 
the second most deforested country in the world. 

★ ★ ★ ★ 

Industrial forestry is hardly the only industry that is 
spreading exotic trees — and in terms of the number of 
species introduced, it is not even the most important 
one. Thousands of tree and shrub species are being 
moved from place to place in the developing world for 
motives more like Menelik’s — from a desire to satisfy a 
local need. The proponents of these introductions are 
struggling with some of the least glamorous and most 
dysfunctional aspects of humanity’s relationship with 
the Earth: lack of fuelwood and desertification, erosion, 
and the gradual failure of farming. Given the often dis- 
mal local conditions, it is hardly surprising that the 
search for solutions should so often lead to some “won- 
der tree” in another part of the world. 

A representative sample of discoveries: 

• A workshop announcement on the mesquite 
genus: “Prosopis: Semi-arid Fuelwood and Forage 
Tree — Building Consensus for the Disenfran- 
chised.” (Prosopis species have invaded Australia, 
Hawaii, Namibia, Oman, and South Africa.)^^ 

• Mimosa scabrella, a tree native to Brazil, “shows 
great promise as a multipurpose agroforestry tree 
in the rugged highlands of Rwanda.” (Mimosa 
species have invaded the U.S. Southeast, various 
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Pacific islands. Southeast Asia, Australia, and 
Zambia.)^^ 

• The shrub Eleagnus umbellata, native to central 
Asia “has great potential for agroforestry systems 
in temperate zones.” (E. umbellata is a pest plant in 
the central and eastern United States.)^® 

The fact that these plants are known invaders does 
not necessarily disqualify them for any role in a man- 
aged landscape. No doubt, some commonly planted 
exotics will continue to be the best answer for certain 
types of waste-lot reclamation or home fuelwood 
production. But a record of invasive behavior is a clear 
signal to treat the plant with caution. 

Yet recommendations such as these are almost never 
tempered by caution. The newsletter that printed the 
Eleagnus note, for instance, also contained a recom- 
mendation of Parrotia jacquemontiana, a shrub native to 
the southern Himalayas. The authors point out that in 
its native range, it is already regarded as a nuisance by 
foresters because its dense stands prevent regeneration 
of the Deodar cedar, one of the region’s dominant for- 
est trees — ^yet they conclude that “with work on propa- 
gation, we believe it will be an important species in 
agroforestry research.” Even proven invaders still get 
promoted: an African species of acacia (Acacia nilotica) 
is being promoted in parts of Africa where it is exotic 
as well as in India, while officials in Indonesia and 
Australia are trying to eradicate it.^’^ 

This kind of well-intentioned, “populist” forestry has 
introduced at least 2,000 exotic woody plant species 
into various parts of the world. Thus far, at least 135 of 
them have launched invasions. Yet a successfully estab- 
lished exotic plant may sit for a few years, for a decade, 
or for longer than a century before launching an inva- 
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sion. Those 135 species could well be harbingers of 
enormous ecological change.^® 

-k -k -k * 

Along with the intentionally introduced trees and 
shrubs, forests are increasingly congested with acci- 
dents — plants that have escaped from gardens or hitch- 
hiked in on visitors’ gear, or that have followed the log- 
gers into the forest. One of the world’s worst weeds of 
disturbed tropical forest, for instance, is alang-alang 
grass, a native of South Asia. In some places, the grass 
is a valued source of thatch, but its career as a weed far 
overshadows its economic importance. Once alang- 
alang gets a grip on a piece of ground, it does not let 
goj it does not let anything else grow there, and it does 
not let depleted soil regain its fertility. From East 
Africa through Oceania, alang-alang has become a part 
of the somber rhythm of deforestation: a patch of for- 
est is cut over, the grass gets hold, and the trees cannot 
come back.^® 

Abysmal land management is estimated to have 
ceded a full 20 percent of the Philippines’ land surface 
to alang-alang; 1 0 percent of the original forest area of 
Indonesia’s outer islands was alang-alang in 1987 — 
about 15 million hectares. In Asia, alang-alang is 
thought to have claimed some 50 million hectares in 
all. The same thing is happening in the New World. 
During the past century, several African and Asian for- 
age grasses have been slowly strangling various types of 
forest, from the U.S. -Mexico border to northern South 
America — moving in when they can, then waiting for 
the next fire or bout of logging.®” 

Alang-alang grass has numerous animal counter- 
parts — mainly insects — in forests all over the world. 
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The most notorious example is the gypsy moth, a wide- 
spread pest of Eurasian forests, which was introduced 
into North America in the 1860s by Leopold 
Trouvelot, a French artist and entomologist. Trouvelot 
had brought the moth to his home in Medford, 
Massachusetts, in the vain hope of starting a silk indus- 
try. And through an open window, the moth found an 
open continent. According to the first official account 
of the disaster, Trouvelot knew the moth was danger- 
ous, and “finding his efforts for its eradication futile, 
gave public notice of the fact that the moth had 
escaped from his custody.” The first major outbreak 
came in 1889, when the moth stripped Medford and its 
environs bare of foliage, creating a summer version of 
December. It now occupies a region from southern 
Maine and Quebec, as far west as Michigan and as far 
south as Virginia. Occasional outbreaks beyond this 
zone may be harbingers of further invasion.^’ 

As with alang-alang grass, the g 3 npsy moth’s conquest 
is partly a side effect of other forms of forest degrada- 
tion. Logging and diseases have simplified the forests of 
eastern North America, eliminating trees the moth 
would rather not eat — ^while its favorite oaks have more 
room than before. The moth is usually at its worst on 
the expanding fronts of its range. In areas it has occu- 
pied for many decades, its effects may be hardly per- 
ceptible most of the time — a quality typical of other 
chronic forest maladies, such as acid rain. But unpre- 
dictable flare-ups occur firom time to time. In 1981, the 
moth defoliated 5.2 million hectares, mostly in the U.S. 
Northeast; in 1991, it stripped 1.7 million hectares. 
The moth slows the growth of the trees it defoliates but 
does not necessarily kill them; during a severe infesta- 
tion, however, tree death can be as high as 90 percent.^^ 
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Of course, the gypsy moth is just one of many trav- 
eling forest pests, and some of the more recent arrivals, 
in North America and elsewhere, may prove to be just 
as dangerous. There is, for instance, an insect that 
Chinese entomologists are calling “the white moth” — 
apparently an immigrant from North America that has 
defoliated thousands of hectares of forest in central 
China. Will it become North America’s “revenge” for 
the gypsy moth? There is East Asia’s longhorned beetle, 
which was discovered in New York City in August 
1996. Will it do to North American maples what the 
gypsy moth is doing to oaks? (In its native range, the 
beetle attacks a wide variety of deciduous trees.) Nor is 
it just trees that are at risk from exotic forest pests. In 
the southern beech forests of New Zealand, there is a 
group of native scale insects that secrete a kind of high- 
calorie “honeydew” that is a primary food for other 
insects and many native birds. But the European wasp, 
which invaded in the late 1970s, now monopolizes the 
honeydew, throwing the long-term survival of its native 
competitors into doubt.^^ 

One of the least-publicized aspects of global forest 
decline during the past century has been an epidemic 
of forest epidemics. These outbreaks get little public 
attention because they can take decades to run their 
course — the process often escapes individual human 
memory. Take the chestnut blight in North America, 
for example. This fungus was brought to New York City 
in 1904 in a shipment of Asian chestnut trees, and over 
the next 50 years it eliminated the American chestnut 
tree from its entire native range — the eastern third of 
the United States. The tree apparently dominated 
much of the original eastern forestj heavy logging in the 
seventeenth and eighteenth centuries probably 
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increased its dominance because it could regenerate 
faster than many of its competitors.^^ 

According to an old forestry “chestnut,” a squirrel 
could travel from Maine to Georgia without ever leav- 
ing the boughs of chestnut trees. This is a ridiculous 
exaggeration, of course, but it is thought that at the 
turn of this century the chesmut may have accounted 
for some 70 percent of the eastern forest by basal area 
(the area occupied by the trunks roughly at chest 
height). And it is likely that the chestnut was a “key- 
stone species,” because its enormous quantities of nuts 
would have fed so many birds and mammals. The 
demise of the chestnut, combined with heavy hunting 
pressure, must have made the eastern forest a much 
emptier realm. 

Australia may be in the grip of an even more disrup- 
tive epidemic. A form of cinnamon fungus, a relative of 
the potato blight, had arrived in the country by the 
1920s and spread throughout much it during the ensu- 
ing half-century. Over thousands of hectares, it killed 
up to three quarters of the plant species it encountered, 
from canopy trees to understory shrubbery. The dis- 
ease, known as “the graveyard sjmdrome,” has elimi- 
nated highly diverse forest communities, some contain- 
ing hundreds of rare endemic plant species, along with 
their resident birds and marsupials. Weedy grasslands 
eventually spring up within the dead and d 5 dng stands. 
The origin of the fungus is unknown, but it has been 
discovered living in a relatively peaceful and presum- 
ably native state in several areas around the world, 
including South Africa and New Guinea. It is at its 
worst in Australia’s forests, but is at work elsewhere as 
well. By the 1 820s, it was probably present in eastern 
North America, preying on members of the chestnut 
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genus; and since tlie 1940s5 it has been implicated in 
oak declines in several western European forests. 

As with the other types of infestations^ some epi- 
demics have clearly been catalyzed by disturbance. In 
eastern North America^ for instance^ the American 
beech is losing ground to a fungus transmitted by a tiny 
insect called the beech scale^ which arrived in Nova 
Scotia from its native Europe around 1890. Earlier 
generations of loggers did not think much of the beech^ 
so when they cut these forests^ they left a good deal of 
it in place. The open stands made it much easier for the 
disease to find its victims. As the beech began to die off^ 
a round of salvage logging cleared out the larger trees 
in many areas, leaving only dense thickets of beech 
“suckers” sprouting from the roots of the cut trees. 
These thickets tend to suppress more diverse cover and 
incubate still more of the scale. 

But in many cases, the epidemics leave a great deal 
of room for guessing — about their origins, their mech- 
anisms of spread, and their eventual impact. A pine wilt 
nematode appeared in Japan in the early 1900s, but has 
only recently exploded across Japanese forests, killing 
10 million trees in 1981 alone. (A nematode is a kind 
of microscopic worm.) The nematode may be from 
North America, where it is a widespread but as yet rel- 
atively minor pest. Why did it “incubate” for so long in 
Japan? Will it eventually explode across North 
America?^® 

In eastern North America, a pathogenic fungus is 
killing off the butternut, a member of the walnut genus. 
The fungus is probably exotic, but where did it come 
from? Another fungus has invaded the region, perhaps 
from East Asia, and is suppressing a little understory 
tree, the eastern dogwood. The dogwood is very effi- 
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cient at pulling calcium out of the soil and depositing 
it, through its leaf litter, on the forest floor — a process 
that greatly reduces the rate at which calcium is leached 
out of the system. Calcium is an essential nutrient for 
both plants and animals, so what will the decline of the 
dogwood mean for these forest communities as a 
whole?^® 

As in agriculture, the spread of a forest pest may 
allow it more “breeding room” — stimulating the devel- 
opment of new strains and creating opportunities for 
reinvasion. Take the fungal pathogen that causes Dutch 
elm disease. The disease arrived in North America from 
Europe in 1930 in a shipment of elm veneer logs. It has 
since spread throughout the eastern half of the conti- 
nent and forced the American elm — the huge, vase- 
shaped tree that graced the streets of so many of the 
region’s small towns — into functional extinction."^® 

The disease gets its common name from the place 
where it was first described, in 1921, but it is no more 
Dutch than American. Before it arrived in the New 
World, it had already decimated European elms. It 
probably originated somewhere in Asia^ Asian elms 
tend to be resistant to it, which suggests that they may 
have evolved with it. In the decades since its North 
American invasion, new races of the fimgus have 
emerged and Europe has been reinvaded from both 
Asia and North America. The new strains have been 
assigned to a new species, which appears to be displac- 
ing the original pathogen. Where exactly that species 
originated is not known, but its effects are depressingly 
apparent: the European elms have been hit hard again. 
Like their American counterparts, they are now little 
more than clumps of diseased shrubbery.^* 
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★ ★ ★ ★ 

Epidemics and other pest infestations tend to be seen 
as problems for natural forests — albeit often highly dis- 
turbed ones. Foresters^ of course^ are well aware that 
plantations too have pest problems 3 but they tend to 
view these as essentially technical glitches — mistakes 
that can be corrected by a better choice of tree or a 
change in management regime. “There seems little 
doubt that with proper care in selecting species^, prove- 
nances^ and families^ risks are low/’ a representative 
opinion reads. “No major plantations have been devas- 
tated by pests or diseases.”^^ 

That assessment appears to ignore a great deal of 
evidence to the contrary: 

• In China^ a “witches’ broom/’ an organism that 
stunts and deforms trees^ has spread throughout 
the country’s plantations of paulownia^ a major 
timber species. Originally a minor part of the 
tree’s disease burden^ the witches’ broom under- 
went an explosive expansion as paulownia planta- 
tions were scaled up substantially^ beginning in 
the 1970s.4^ 

• In India^ eucalyptus plantations installed on more 
than 40^000 hectares of clearcut rainforest in the 
Western Ghat range were lost to a fungus that 
apparently emerged from the cutover forest. 

• In South America^ a fungal disease of the guava 
has recently begun to defoliate eucalyptus planta- 
tions. A prominent Australian plant pathologist 
has voiced concern that the fungus could reach 
Australia and attack native stands of eucalyptus. 

• In Uruguay during the 1960s:, virtually all of the 
country’s recently installed Monterey pine planta- 
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tions were destroyed by the'European shoot moth 
and an associated fungus. The country had to 
abandon Monterey pine as a forestry species.^® 

• In New Zealand, efforts to control the Dothistroma 
blight, a fungus that attacks pines throughout the 
tropics and southern hemisphere, involve the 
spraying of fungicide on some 90,000 hectares of 
Monterey pine annually. 

• In the western Pacific and increasingly throughout 
the tropics, plantations of Leucaena species, a 
group of fast-growing trees from central America, 
are being invaded and killed by various insects 
from the New World tropics.^® 

All major plantation trees now have serious pest 
problems. Eucalypts are commonly plagued by leaf- 
cutting ants, and increasingly their native weevils, snout 
beetles, and borers are catching up to them. Pines are 
attacked by woodwasps and aphids. Acacias are eaten 
by leaf cutter ants and bag worms, and virtually every 
plantation species is food for several kinds of fungus.'*® 

The general ecological outlook is not encouraging. In 
tropical forests especially, almost the only pests that 
have been studied in any detail are ones already active 
in plantations or heavily managed second growth. There 
are imdoubtedly thousands of others about which we 
know nothing. And since it often takes quite some time 
for a pest to attack an exotic tree — 30 to 50 years is not 
uncommon among insects — ^initial success is no guar- 
antee of long-term viability. Add in the tree’s own native 
pests, which, given enough time, generally manage to 
track it down, and the long-term trend is fairly pre- 
dictable. Brazil’s eucalypt plantations, for example, were 
largely free of infestation at the turn of the century, but 
now have many pests. The same is true of Indonesia’s 
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plantations of mahogany (a tree native to South 
America) 3 and in South Africa^ new infestations are hit- 
ting second- and third-rotation pine plantations. The 
South African situation suggests that some plantations 
may develop a kind of double liability: an exotic tree 
may acquire a pest burden serious enough to injure its 
economic potential — ^but not serious enough to injure 
its ecological potential as an invader in its own right. 

In response to the growing disease burden^ breeders 
are producing disease-resistant cultivars of some tree 
species. Traditional tree breeding is a much slower 
process than crop breedings because trees take much 
longer to mature. Biotechnology is speeding the 
process up^ but given the numbers of potential pests 
and the expense of replanting with new varieties^ 
breeders are not likely to reverse the general trend. 
Even where they succeed^ a cultivar’s genetic uniformi- 
ty may offer little resistance to the next pest. Plantation 
forestry may find itself in a kind of ‘'red queen” 
predicament: like Alice in Through the Looking Glass^ it 
may have to run harder and harder just to avoid losing 
ground. 

Most work on tropical forest pests has focused on 
infestations moving from natural forest into plantations; 
we know very little about the disruptive potential of 
movement in the opposite direction^ even though it may 
actually be far greater. We do know^ however^ that this 
kind of movement is occurring. In India^ a common pine 
plantation pest^ the Cercospora needle blight^ has moved 
out of Monterey pine plantations and is now threatening 
two native Indian pines^ Finns roxburghii and F wallichi- 
ana. In Kenya and Malawi^ an aphid that started its 
career in plantations of Mexican cypress is now attack- 
ing two indigenous trees — Widdringtonia nodifolia 
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(Malawi’s national tree) and a juniper (Juniperus pro- 
cera). In Australia, the cinnamon fungus used pine plan- 
tations as one of its routes into the eucalypt forests it 
killed. Tree plantations could magnify the effects of 
native pests as well, by generating the same kind of “crit- 
ical mass” that occasionally builds up in Central 
American banana plantations. (See Chapter 2.y^ 

The most dangerous effects of plantation epidemics 
may be caused as much by finance as by biology. Today, 
a single pulp plant can cost as much as $ 1 billion, and 
investments on that scale put paper company executives 
under heavy pressure to feed the mills as cheaply and 
quickly as possible. That is not an environment con- 
ducive to rethinking basic premises. If a eucalypt stand 
grows too infected to use, any natural forest remaining 
in the area will look very tempting, both as a short-term 
wood supply and as space for new plantation.^^ 

* * * * 

A century after Menelik introduced the blue gum to 
Ethiopia, the tmion between tree and state is showing 
signs of strain. Addis itself is booming, but Ethiopia is 
slipping back into Menelik’s predicament. Demand for 
fuelwood and lumber is probably outpacing domestic 
supply, although it is difficult to say for sure because 
the country’s plantations and remnant forests are not 
well mapped. Even so, Menelik’s strategy will probably 
not be repeated. In Ethiopia, too, people are suspicious 
of the eucalypt’s greed for water. Around Addis, older 
people remember a time when the streams flowed year- 
round, but those days are gone. The country was plan- 
ning to add another 3.5 million hectares to its eucalyp- 
tus plantations by 2000; the plans have apparently been 
set aside.^'^ 
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Yet Ethiopia may have the makings of a vibrant for- 
est economy. Most of the country’s native forest cover 
has disappeared, but the native species themselves — 
hundreds of them — are still growing in parks and sur- 
viving stands here and there. Apparently at least 30 of 
them have strong potential for commercial use. So per- 
haps the time has come to replant what has been cut 
away. It is true that native forest projects may never 
meet all of Ethiopia’s wood demand. But in the process 
of satisfying a major share of it, they could also provide 
a powerful mechanism for conserving the country’s 
dwindling biological wealth. Ethiopia has much to gain 
from seeing a lot more of its native forest — and a lot 
less of the Emperor’s new tree.^^ 
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The Waters 


“The white people put the baby monsters in the lake to 
help us.” The old woman laughed. She had spent her 
whole life on the shores of Lake Victoria, and must have 
remembered the colonial administration, so perhaps 
she was being ironic. Or perhaps she just thought the 
question was so obvious as to be ridiculous. It had 
come from Tijs Goldschmidt, a Dutch biologist (and 
fluent speaker of Swahili), who in the mid-1980s was 
trying to nail down the exact moment and mechanism 
of the monster’s arrival. On the broad point, at least, his 
informant was right. The monster had indeed been a 
part of the white man’s burden: the official British 
stocking program dated from 1962. But a bit of free- 
lancing by a local fisheries officer probably brought 
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Lake Victoria its first monster in 1954. “Every time I 
thought about it,” Goldschmidt later wrote, “I was 
amazed that for the total disruption of the largest trop- 
ical lake in the world, nothing more had been needed 
than a man with a bucket.”^ 

Lake Victoria is the second largest lake in the world 
(after Lake Superior) and its fisheries are a major pro- 
tein supply to the three nations that cradle it: Uganda, 
Kenya, and Tanzania. It’s a fairly young lake — just 
12,000 years ago, it was dry savanna — but it has been 
the scene of one of the most explosive radiations of life 
in recent evolutionary time. A group of cichlids, the 
type of fish that contributes so many colorful aquarium 
specimens, had filled those empty new waters with a 
huge array of forms. The lake became a jewel box of 
brilliant little fish — more than 500 species, most from a 
single genus (Haplochromis) 

But in commercial fisheries parlance, these hap- 
lochromine cichlids were mostly “trash fish” — too 
small to be worth catching. The fisheries depended 
largely on a couple of native tilapia species, and by the 
early 1950s, overfishing had pushed the tilapia into 
serious decline. (Tilapia are a group of large, mostly 
herbivorous cichlids.) The colonial authorities thought 
they saw a good deal of unused potential: the tilapia 
declines were leaving a lot of aquatic plants uncon- 
sumed. All those little fish were a waste too: they could 
be feeding big fish, which could be feeding people. So 
three exotic tilapia species were introduced from Lake 
Albert, to the north. Lake Albert had a remedy for the 
trash fish problem as well: the monster, a freshwater 
leviathan called the Nile perch. ^ 

The perch can grow 2 meters long and weigh up to 
200 kilograms. Even so, it spent the first few decades of 
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its life in the lake quietly— a little disappointing for 
such a voracious predator. But during the 1980s the 
lake began to rearrange itself. In Ugandan waters 
(which amount to 43 percent of the lake), the catch 
shot up from 17,000 tons in 1981 to a peak of 132,400 
tons in 1989. The perch accounted for more than three 
quarters of the 1989 catch, and the exotic tilapias for 
virtually all the rest. It was much the same story else- 
where in the lake.^ 

Meanwhile, Goldschmidt and his colleagues were 
finding fewer and fewer haplochromine cichlids, and 
not much else either. The native species were vanishing. 
Only the little native sardine was flourishing in the 
presence of the monster — perhaps because its high 
reproductive rate conferred a kind of immunity. 
Eventually ecologists concluded that some 200 species 
had disappeared completely; the greatest single parox- 
ysm of extinction ever recorded.^ 

So many predators and so little prey: the lake’s ecol- 
ogy appeared to have been pulled inside out. 
Goldschmidt described watching the process as like 
looking at the Serengeti plains and seeing herds of lion 
instead of antelope. The perch probably could not live 
by sardines alone, and many ecologists were guessing 
that it would starve once all the cichlid populations 
crashed.® 

The general condition of the lake appeared to com- 
pound the perch’s problems. To smoke the mountains 
of perch being hauled out of the water, the fishery 
needed huge quantities of wood. As the local rate of 
deforestation accelerated, more and more soil was 
blown into the lake. The plant nutrients in the soil com- 
bined with growing quantities of sewage, sugar mill 
waste, and farm runoff to conjure up mats of algae. The 
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algae spread over tiie water in the absence of the algae- 
eating cichlids.^ 

In the murk below^ many of the relict cichlid popu- 
lations crashed because the fish could not see well 
enough to find mates. And periodically, rotting algae 
blooms would use up most of the oxygen dissolved in 
the lake. During these episodes of anoxia (severe oxy- 
gen deficiency), thousands of suffocated sardines and 
perch would stew in the algal mats, then sink to the 
bottom, where the accretion of decay robbed the water 
of even more oxygen. By the early 1990s, 50-70 per- 
cent of the lake’s water mass was anoxic year-round.^ 

Yet it was this process that gave the perch a means of 
survival. Below the surface waters, in the anoxic region, 
certain organisms that needed very little oxygen found 
refuge. There, they could live off the rain of detritus, 
secure from the predators in the oxygenated waters 
overhead. These creatures — prawns, snails, and 
midges — ^underwent a population explosion. Then huge 
quantities of adult prawns moved into the oxygenated 
zone and became a main item on the monster’s menu. 
The perch had recovered from the loss of the cichlids.^ 

From the west, down the Kagera River and into the 
lake’s warm, fetid waters, floated lettuce-like rafts of 
green festooned in gauzy purple bloom. Around 1990, 
the water hyacinth arrived and one monster met anoth- 
er. The hyacinth, a native of the Amazon Basin, is 
thought to have been brought to Africa as a pool orna- 
ment in the nineteenth century. It was soon decorating 
much of the continent. Water hyacinth is one of the 
world’s fastest-growing plants and probably the world’s 
worst tropical aquatic weed. (See Table 6-2 in Chapter 
6.) In the absence of the insects and fungi that evolved 
to feed on it, and in the presence of enough nutrients. 
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it becomes the landscape.^® 

Like the algae, the hyacinth found Lake Victoria’s 
waters ideal. Hyacinth likes shallow water, and by 1996 
it was strangling 90 percent of the lake’s shoreline. The 
shallows are where fish breed — ^the exotic tilapia and 
perch as well as any remaining haplochromine cichlids. 
But the hyacinth is choking out the light and sucking 
out the oxygen; even the shoreline has become anoxic. 
And the hyacinth’s high respiration rate — ^the rate at 
which it “breathes” water into the air — is dropping the 
lake’s water level. It has choked off the harbors too; 
fishing boats cannot punch through the thick mats of 
snake-infested hyacinth to reach open water. Even large 
craft are sometimes marooned in hyacinth for days." 

By the fall of 1997, tens of thousands of fishing fam- 
ilies had lost their livelihoods to the weed; many had 
abandoned the lake and moved into the cities. The 
hyacinth is also clogging the pumps that supply water 
to the city of Kampala. It is threatening the region’s 
major generating station at Owen Falls Dam, on the 
coast of Uganda. And it is incubating snails and mos- 
quitoes. Bilharzia, a disease caused by a blood parasite, 
is transmitted by the snails, and malaria by the mos- 
quitoes. In the lake basin, both diseases are already on 
the upsurge. ‘- 

The Lake Victoria basin is home to some 30 million 
people and has one of the fastest growing population 
rates in the world— about 3 percent a year. The region 
cannot live without its fishery— in Uganda, for exam- 
ple, fish accounts for half the national protein supply. 
But the hyacinth has conquered spawning grounds and 
fishing piers; the perch itself has chewed the lake’s food 
web down to a few overstressed strands. Most experts 
foresee an imminent decline— if not a collapse— in the 
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catch. Even the U.S. Department of Defense, not 
exactly a hotbed of environmental alarmism, is con- 
cerned about the consequences. A 1995 report by the 
U.S. Defense Intelligence Agency (DIA) predicted that 
a crippled fishing industry in the lake “would pose a 
greater humanitarian threat to [East Africa] than any of 
the recent famines caused by lack of rainfall or deserti- 
fication.” By way of analogy to Ethiopia and Sudan, the 
DIA argues in portentous defense-speak: “anti-govern- 
ment elements throughout the region undoubtedly 
would find a new generation of potential recruits.”'^ 
Lake Victoria may be the site of the first internation- 
al “chronic emergency” caused by a bioinvasion. The 
governments of the three lake states, in conjunction 
with the World Bank, the Global Environment Facility 
(a World Bank-U.N. consortium), and various other 
international agencies, have launched an ambitious 
program that aims at comprehensive management of 
the lake’s environmental crisis. About $78 million has 
thus far been pledged to the Lake Victoria Environ- 
mental Management Program. Hyacinth control 
figures large, and Aquatics Unlimited, a California- 
based company that has fought water hyacinth all over 
the world’s tropical and warm temperate regions, has 
engaged the weed in Lake Victoria.’^ 

But the future of the program is uncertain. Relations 
between Uganda and Kenya are tense, and Ugandan 
officials, citing potential environmental damage, have 
refused to let Aquatics attack the weed with herbicide. 
Aquatics argues that at this stage herbicide is essential 
for cutting the infestation down to a size that might 
make it susceptible to “biological control” in the near 
term. “Biological control,” in this case, would involve 
the release of insects that eat the plant in its native 
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range. (See Chapter 9.)*^ 

Even if the hyacinth is brought under control, the 
problem of managing the other monster remains — a 
problem complicated immensely by human depen- 
dence upon it. But which humans? The old tilapia fish- 
eries were largely artisanal subsistence activities: people 
fished for their own families and for local markets. The 
perch fishery is largely an export industry: most of the 
perch ends up in factories that process it, then ship it 
abroad. In general, fish is still the cheapest source of 
animal protein in the region, but demand from the fac- 
tories more than doubled the price of perch from 1990 
to 1996, and future scarcity is likely to push the price 
up far higher. Many people who once fished for them- 
selves are reduced to bu5dng scraps from the proces- 
sors.*® 

Meanwhile, in the lake, the monster is not satisfied 
with sardines and prawns; it is now eating itself. Little 
perch are now important prey for big perch. In 
Tanzania, according to Tijs Goldschmidt, the perch’s 
appetite for itself profoundly disgusts people; they say 
they fear that eating the fish could spread cannibalism 
among humans. 

There is a kind of mythic truth in that response. A 
degraded landscape does somehow infect the societies 
that occupy it, and that makes the process of healing 
much more complex than it might otherwise be. What 
sort of recovery is possible in a “denatured” land- 
scape — an ecosystem deprived of some of its basic 
components?*’*’ 


★ ★ ★ ★ 

Lake Victoria’s troubles have a precedent half a world 
away. Consider the ecological rebound of the North 
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American Great Lakes. Collectively covering 24.5 mil- 
lion hectares^ these five lakes are the largest in the 
world — 3.5 times the size of Lake Victoria. They carry 
more shipping than any other freshwater system on 
Earthy and their shores have seen some of the conti- 
nent’s heaviest industrial and agricultural develop- 
ment. Yet the lakes support a set of fisheries worthy at a 
very rough estimate^ $4 billion annually. (This value is 
not a direct measure of the catchy however^ since about 
$3 billion comes from sport fishings which includes 
recreational revenues far exceeding the nominal value 
of the fish).^® 

By some measures^ hard times in the Great Lakes 
have been worse than anything Lake Victoria has yet 
faced. In the early nineteenth century^ lake stocks of 
Atlantic salmon^ lake trouts whitefish^ burbot^ and 
other native fish constituted some of the greatest fresh- 
water fisheries on Earth. Even allowing for the “fish- 
story” factor^ the fishing must have been prodigious by 
modern standards — hooking 100 bass and walleye in a 
couple of hours was reportedly common. But by the 
beginning of this century most of the commercially 
important stocks were in decline. Mill dams had 
blocked access to spawning grounds in tributary rivers; 
the water itself was fouled with tannery waste^ sewage^ 
slaughterhouse offak and silt from plowing and log- 
ging. The putrid inshore waters nursed typhoid^ which 
erupted periodically into epidemics. Offshore^ a rapa- 
cious fishing effort eventually rode the remnant stocks 
into oblivion. 

By I96O3 every major fishery had collapsed. The 
lakes had become poisonous sores in a highly dysfunc- 
tional landscape: vast algal blooms on the water sur- 
face^, anoxic dead zones below^ surviving wildlife sick- 
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ened from the DDT and other toxins that laced the 
water. The defining moment of the era arrived on June 
22, 1969, in Cleveland, Ohio, on the shores or Lake 
Erie, when the brown and greasy Cuyahoga River, slick 
with oil and burbling methane from the rotting garbage 
in its depths, burst into flames.^° 

The Great Lakes also have their own version of the 
water hyacinth problem. There is, first of all, the sea 
lamprey, a kind of fish vampire. With its mouth 
clamped to the side of its victim, the parasitic, eel-like 
lamprey sucks blood and liquefied tissue from the 
wound that it makes with its rasplike tongue. It will 
move from one fish to another, eventually growing to 
more than 80 centimeters in length. The lamprey is 
native to the Atlantic, probably to the Saint Lawrence 
estuary, and possibly even to Lake Ontario, the east- 
ernmost of the Lakes, from which the Saint Lawrence 
flows. But no lamprey could have leapt Niagara Falls, 
which thunders into the west end of Lake Ontario from 
Lake Erie above. In 1921, the reengineering of the 
Welland Canal, a shipping detour around the falls, 
probably opened the upper four lakes to the lamprey. 
All the lakes were colonized by 1946.^* 

It was the large predatory fish, like lake trout and 
Atlantic salmon, that were preferred by both people 
and lampreys. Once these had disappeared, the lakes 
disintegrated into a kind of ecological free-for-all. 
Populations of smaller fish — both native and exotic — 
exploded and then collapsed once they ran out of food. 
The most spectacular of these events involved the 
alewife, another Atlantic native that had been skulking 
around the lakes and their canals for most of the cen- 
tury. Once free of the predators, it pushed the native 
white fish, bloater, and yellow perch into collapse by 
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outcompeting them for plankton. During the late 
1960s, the alewife periodically emptied its larder, and 
enormous alewife die-ofifs choked the shoreline. 

In 1955, the United States and Canada set up the 
Great Lakes Fisheries Commission to regulate the fish- 
eries in a comprehensive fashion; killing the lamprey 
was a part of the organization’s inaugural mandate. But 
despite an entire bureaucracy devoted to its destruc- 
tion — and spending, at present, more than $ 1 2 million 
a year to that end — the lamprey is not going to let go of 
the lakes. Its population is being suppressed largely by 
a couple of chemicals that kill it in its larval form. But 
these “lampricides” share the disadvantages of other 
pesticides. They are so toxic that they must be careful- 
ly targeted, which means they can never reach all the 
lampreys. There is also, presumably, some danger of 
building a tolerance, although increasingly sophisticat- 
ed targeting is reducing the amount of lampricides 
used, and therefore the likelihood of adaptation.^^ 

Other techniques against the lamprey are beginning 
to ease lampricide use as well: special barriers designed 
to allow the passage of other fish but to trap lampreys, 
and “sterile male” releases that flood lamprey spawning 
runs with thousands of sterilized males, thereby divert- 
ing many females into unproductive unions. Even so, 
the imcertain relationship between lamprey and lamp- 
ricide is now basic to the ecological balance of the 
lakes.^^ 

So the lamprey is a source of continual anxiety. Here 
is Robert Davis, a former member of Congress from 
the lakeside state of Michigan, venting his angst at a 
congressional hearing in 1991: “Interestingly enough, 
you know, many critters that we have in this country 
whether they are spiders or whatever serve some useful 



96 


LIFE OUT OF BOUNDS 


purpose. The sea lamprey serves no useful purpose 
whatsoever. It is a villain. It is a villain that must be 
destroyed.”^^ 

The Great Lakes are full of such villains. A growing 
number of uninvited fish, mollusks, plants, plankton, 
and assorted other creatures has turned the lakes into a 
veritable soup of exotics. At least 141 exotic organisms 
have established themselves in the lakes or on their 
shoreline, and the current rate of invasion is estimated 
at one new organism annually. (See Table 4-1.) The 
most famous recent arrival is the zebra mussel, a little 
shellfish about the size of a kidney bean. Originally 
from the Caspian Sea region, the mussel made its 
North American debut in Lake St. Clair (between 
Lakes Huron and Erie), where it was probably released 
around 1986 from a ship’s ballast water tank. (See 
Chapter 7.) The zebra mussel and a close relative, the 
quagga mussel, have since spread throughout the lakes 


Table 4—1. Establishment of Exotics in the Great Lakes, 
1810-1997 


Disease 

Pathogens 


Years 

Fishes 

Invertebrates Parasites 

Algae 

Plants 

Total 




(number) 




1810^9 

1 




9 

10 

1850-99 

6 

4 



23 

33 

1900-49 

7 

8 

1 

6 

18 

40 

1950-97 

12 

17 

2 

18 

9 

58 

Total 

26 

29 

3 

24 

59 

141 


Source: Edward L. Mills, Spencer R. Hall, and Nijole K. 
Pauliukonis, “Exotic Species in the Laurentian Great Lakes: From 
Science to Policy,” Great Lakes Research Review^ February 1998. 
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and many other waterways of eastern North America, 
largely by hitchhiking on boating equipment. 
Ultimately, the mussel may infest two thirds of the 
United States and much of southern Canada.^® 

Zebra mussels multiply at an incredible rate — a sin- 
gle female may release more than 5 million eggs in the 
course of a year. The mussels will completely encrust 
just about any available surface^ when they run out of 
room, they encrust each other. Millions of dollars have 
been spent blasting them out of intake pipes with high- 
pressure hoses and scraping them off boats. (See 
Chapter 8.) They are imposing a huge ecological cost 
as well. In many waterways, zebra mussels are killing off 
the native mussels by encrusting their shells so heavily 
that they cannot open them to feed or breathe. North 
America has the most diverse freshwater mussel fauna 
in the world — nearly 300 distinct species and sub- 
species. In the Mississippi River basin alone, zebra 
mussels could drive as many as 140 native mussel 
species into extinction.^'^ 

But the zebra mussels’ principal threat is their effi- 
ciency in stripping the algae that they eat out of the 
water column. A single adult mussel can filter up to a 
liter and a half of water in a day. In heavily infested 
parts of the Great Lakes, the water has an uncanny 
crystalline clarity: the algae have virtually disappeared, 
and so have the zooplankton — the tiny animals that 
feed on algae. Most of the lakes’ major fish species 
depend on zooplankton and algae when they are 
young. It is not yet clear what the mussels are doing to 
the fish, but it is probably no coincidence that in Lake 
Erie, the most heavily fished lake, the value of the catch 
dropped from $600 million before the invasion to $200 
million by the early 1990s.^® 



98 


LIFE OUT OF BOUNDS 


The mussels may also be resurrecting the lakes’ bur- 
den of contaminants. As they filter debris out of the 
water, the mussels ingest the organochlorine pesticides, 
PCBs, dioxins, and other potent toxins that would 
probably otherwise have slipped through the food web 
and been buried in sediment. In Lake St. Clair, half the 
toxic burden is now believed to be inside zebra mus- 
sels — ^but it won’t stay there. Since the mussels are now 
channeling so much of the food web through them- 
selves, the chemicals are likely to seep into the whole 
community, beginning with the bottom-feeding fish, 
wildfowl, crayfish, and other organisms that eat the 
mussels or their excreta. This zebra mussel effect may 
explain why, after nearly two decades of progress, the 
levels of PCBs are once again rising in several of the 
region’s top predators — in some lake trout populations, 
for instance, and in the eggs of the bald eagle.^® 

So the zebra mussel is at least as big a villain, to use 
Robert Davis’s term, as the lamprey. The mussel, the 
lamprey, and most of the lakes’ other uninvited exotics 
serve “no useful purpose,” and no doubt officials would 
be delighted to destroy them if they could. But there is 
another type of villain abroad in the lakes — a band of 
useful villains that are in some ways analogous to the 
Nile perch. 

As with Lake Victoria, the stocking of exotic fish was 
a sort of reflex response to the decline of the native fish- 
eries. In the Great Lakes, exotic carp and salmonids 
(the family that contains trout and salmon) were being 
introduced as early as the 1870s. But it was during the 
1960s, as the lampricides came into use, that the stock- 
ing effort became an industry in itself. Millions of fish 
are still sown every year — an effort that was costing $60 
million in 1991, when the value of the stocking was last 
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assessed. Restoring the native lake trout, once the dom- 
inant predator of most of the lakes, is one goal of the 
stocking program, but much of the effort has gone to 
bolstering the exotic salmonids, especially several 
Pacific salmon. As with Lake Victoria, the Great Lakes 
became almost entirely an exotic fishery. In 1900, 82 
percent of the Great Lakes catch consisted of native 
salmonids; by 1966, native species made up only 0.2 
percent of the catch. Of the 1 1 native fish species that 
once accounted for the bulk of the catch, 4 are now 
extinct and the others are at risk.^° 

The stocking operation does not seem to be yielding 
any sort of stable replacement for what has been lost. 
Outside of Lake Superior, there appear to be few self- 
sustaining lake trout populations, and the exotic 
salmonids are much more popular with fishers than 
they are with ecologists. The exotics prey on natives 
(including the native salmonids), they have brought in 
exotic diseases and parasites, and they have interbred 
with native salmonids. They have also, in effect, justified 
the alewife’s presence; the alewife preys on lake trout fry 
but it is a main item on the exotic salmonids’ menu.^' 
The Great Lakes are no longer some sort of aquatic 
version of a painting by Hieronymous Bosch, the fif- 
teenth-century Dutch artist whose surreal landscapes 
are crawling with deformity. But they are not exactly of 
the Hudson River school either. They have recovered 
from a case of acute poisoning, but they appear to be in 
a state of chronic flux — the result of a combination of 
chemical and biological pollution. For the time being, 
their prescription calls for continuing doses of lampri- 
cide and regular stocking. But we don’t understand the 
patient’s condition well enough to know whether that 
therapy will work indefinitely. 
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★ * * * 

One of the biggest differences between chemical and 
biological pollution is that much of the latter is inten- 
tional. The accidental invasions — the biotic “oil 
spills” — are clearly an enormous and growing problem, 
but at least creatures like the zebra mussel or the lam- 
prey have no constituency — no industries that profit 
from them, no public that values them. (For more on 
biotic spills, see Chapter 7.) It’s a very different matter 
for the exotic salmonids and Nile perches of the world. 

In fisheries, as in forestry and rangeland manage- 
ment, exotics still exercise a kind of quasi-magical 
allure. They offer the prospect of escape — from natural 
limitations, and often firom the obligations of responsi- 
ble management. Surely there must be some exotic that 
will make those waters productive, no matter how over- 
fished, polluted, drained, or otherwise degraded they 
are. And so it is that most of the world’s fireshwater 
ecosystems — and a good many of its coastal ecosystems 
too — now harbor a local version of Lake Victoria’s Nile 
Perch or the Great Lakes’ exotic salmonids. The effects 
of these introductions can be very difficult to evaluate, 
but the evidence is mounting against many of these 
“useful villains.”^^ 

The Atlantic salmon, for instance, may soon have its 
revenge on Pacific salmon for what the latter are doing 
in the Great Lakes. Beginning in the 1980s, both the 
United States and Canada have permitted West Coast 
fish farmers to stock Atlantic salmon in ocean net- 
pens — a form of aquaculture to which Pacific salmon 
are not well suited. Escapes from these netpens are 
common — storms rip into them and so do hungry sea 
lions. Atlantic salmon are not yet known to be spawn- 
ing in the Pacific Northwest, but there is a good possi- 
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bility that they eventually will. If they start to^ they are 
likely to inflict the kinds of damage that often results 
when an exotic salmon invades the range of a native 
cousin: displacement through competition^ loss of 
genetic integrity through interbreeding^ and the spread 
of diseases. 

The widespread ''ocean ranching” of various salmon 
species is likely affecting native fish stocks elsewhere 
too. Both the Atlantic and the Pacific species have been 
introduced into New Zealand^ Australia^ and Chile^ for 
example. (None of these countries has native salmon.) 
Chile has become the world’s second largest salmon 
producer (after Norway) ^ but small-scale Chilean fish- 
ers say the salmon have decimated the native fish stocks 
on which the local industry had depended. 

Even the mass production of native salmon has 
caused serious deterioration of wild stocks. Hatchery- 
bred Pacific salmon are interbreeding with wild strains 
in the Pacific Northwest^ or simply outcompeting 
them. In Norway^ huge escapes of farmed stock have 
overwhelmed the gene pools of some wild strains of 
Atlantic salmon — and essentially eliminated them. In 
the worst incident^ some 1.2 million fish departed the 
netpens during the winter of 1988-89. Today^ some 
Norwegian rivers contain five times as many farmed 
salmon as wild ones. The United Kingdom may allow 
fish farmers to raise a form of Atlantic salmon that has 
been genetically engineered for fast growth — another 
potential avenue for genetic invasion.^^ 

The rainbow trout is on a career path very similar to 
that of its close relative^ the Pacific salmon. Like the 
salmon^ the trout is native to western North America 
and like them^ it has been stocked worldwide as an 
aquaculture and sport fish. It is now established 
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throughout the temperate zones and even in some 
high-elevation tropical waters. In various places around 
the world — from South African streams to Siberia’s 
Lake Baikal — it is being blamed for outcompeting or 
eating native fish, and its aggressive foraging is almost 
certainly working other changes in aquatic food webs. 
(In South Africa, for instance, it has nearly eliminated 
at least one insect species: an ancient rarity called the 
Gondwana relict damselfly.)^^ 

A broader concern is the trout’s role in transmitting 
a disease called furunculosis. In Europe, furunculosis 
has suppressed the native brown trout in the face of the 
rainbow invasion. Like the rainbow trout itself, furun- 
culosis now has a worldwide distribution and is a 
chronic problem in salmonid culture facilities. In 
Australia, cultured rainbow trout are carrying another 
disease, a newly discovered virus of unknown origin, 
that is also extremely dangerous to several native fish 
species.^'^ 

Even North America has its share of rainbow inva- 
sions. In many western streams where it is not native 
but has been introduced, the rainbow has hybridized 
with its rarer relative, the cutthroat trout, thereby oblit- 
erating many cutthroat races. U.S. fisheries authorities 
have grown increasing wary of introductions that invite 
this kind of hybridizing. But many sport fishers have 
not: the movement of salmonids and other popular 
sport fish is a common kind of freelance biological van- 
dalism. The single greatest threat to western North 
America’s native freshwater fish is now thought to be 
exotics — ^many of them sport fish.^® 

Europe’s brown trout has also been introduced all 
over the world for sport fishing, with much the same 
effect as the rainbow. In Australia and New Zealand, 
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brown trout are suppressing native fish and inverte- 
brates. And in North America, the European trout has 
exacted a kind of revenge on the rainbow — in the form 
of one of its native parasites, the protozoan that causes 
“whirling disease.” The disease gets its name from the 
fact that it makes its victims chase their tails. It was 
introduced in the 1950s but lay dormant for several 
decades. In the 1990s, for reasons that remain unclear, 
it awakened and began wiping out strains of rainbow 
and cutthroat trout. The brown trout is often hailed as 
one of the most successful fish introductions in the 
United States. Because it helps suppress the brown 
trout’s competitors, whirling disease may help explain 
the trout’s success. Among the native fish that are los- 
ing out to the brown trout is the “state fish” of 
California, the golden trout. The appetite of exotic 
trout is also endangering some of California’s rarer frog 
species, such as the mountain yellow-legged frog.^® 

The Mozambique tilapia was the aquaculture fad 
fish of the 1960s for the tropics and warm temperate 
regions. Its supporters saw it as a sort of aquatic chick- 
en; its adaptability and quick maturation seemed to 
offer tremendous potential to protein-hungry develop- 
ing countries as well as to astute aquaculturists. The 
species was introduced into virtually every country 
with waters warm enough to support it. But as is so 
often the case, the same qualities that aquaculturists 
admire in it also made it a formidable invader. In 
Australia, India, the Philippines, and many other 
places, it is displacing food fish more valuable than it is, 
and rare endemic species too (that is, species with a 
single, limited native range) . “A real nightmare,” is how 
it looked to one fisheries authority in the Philippines, 
for example, where it has suppressed milkfish farming. 
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Even among aquaculture’s least discriminating practi- 
tioners — officials still happily dumping their latest dis- 
coveries into lakes and streams — the Mozambique 
tilapia is now often conceded to have been a mistake.^® 

The aquatic chicken award has since been trans- 
ferred to the Nile tilapia, which is now a major part of 
aquaculture’s development machinery. Given the 
proven ability of other tilapia species to invade and dis- 
place native fishes, it is probably only a matter of 
time — and a fairly short time — ^before the Nile tilapia is 
found to be serious threat to aquatic biodiversity. 
Meanwhile, other tilapia continue to spread. In 
California and Texas, introduced tilapia may be adapt- 
ing to cooler waters, which could allow them to move 
north. Off the coasts of Hawaii and some south Pacific 
islands, the Mozambique tilapia has made the jump to 
full-strength seawater.^' 

There are himdreds of lesser “useful villains” as 
well. An Asian catfish brought into the Philippines for 
farming has suppressed a native cousin — which hap- 
pens also to be a better food fish. North American bass 
have suppressed native fish in Japan, South Africa, and 
Guatemala. Common carp and tilapia species have 
apparently pushed 1 0-1 5 of the Mekong River’s native 
fish to the brink of extinction. The North American 
pike drove three fish endemic to a Turkish lake into 
extinction. Introduced whitefish, from continental 
Europe, have eliminated populations of Arctic char in 
Scandinavian lakes. The Chinese grass carp, intro- 
duced all over the world for aquatic weed control, has 
infected fish in Europe and North America with an 
Asian tapeworm. And in North America, the now 
ubiquitous common carp is a swimming reservoir of 
contagion: it has been found to harbor 138 exotic par- 
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asites — algae, fiingi, protozoans, leeches, flatworms, 
tapeworms, and crustaceans.^^ 

Nor are all the culprits fish. Oyster culture is a glob- 
al conduit for mollusk diseases, some of which have 
spread from commercial beds out into natural oyster 
populations. The shrimp industry is moving shrimp 
pathogens all over the world. (See Chapter 8.) South 
America’s golden apple snail, a failed food introduction 
throughout much of East and Southeast Asia, has 
become one of the region’s worst pests on rice. And the 
bullfirog, a large, aggressive frog from the eastern and 
central United States, has been introduced here and 
there into western North America, Central and South 
America, southern Europe, and East Asia to produce 
frog’s legs mainly for the restaurant market. In many of 
its new ranges, it appears to be eating the native frogs 
out of existence.^^ 

As can be seen from the “rap sheets” of the villains 
just described, several motives are driving these man- 
aged invasions. The big, handsome species are often 
introduced for sport, while the tougher species — tilapia 
and carp, for example- — are commonly used to create 
an artificial fauna for rivers rendered too dysfunctional 
by dams or pollution to support their native species. 
(Carp are so tough they can even survive pesticide 
spills.) Stocking reservoirs with exotics is standard 
practice virtually everywhere in the world; the “tailwa- 
ters” below dams are often stocked as well. Except for 
the upper reaches of large tropical rivers and the waters 
of the far North, it would now be hard to find a major 
lake or river anywhere on the face of the planet that 
does not contain exotics.'*^ 

But aquaculture is by far the largest force driving 
intentional aquatic introductions today. Aquaculture 
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yields some 23 million tons of fish a year, or about 20 
percent of the world’s global harvest of fish. (See 
Figure 4-1.) That percentage is likely to grow, since all 
of the world’s major wild fish stocks are overexploited 
and their yields have leveled off. Increasingly, govern- 
ments and international agencies look to aquaculture 
as both a development tool and a means of supplying 
protein to an ever-growing human population, now 
pushing 6 billion.^^ 

Yet this “Blue Revolution,” as it is sometimes called, 
is a much murkier affair than its ideological precursor, 
the Green Revolution. For one thing, so much of the 
blue depends on the green: aquaculture uses huge 
amounts of feedgrain, and it may often be more effi- 
cient to divert that production for direct human con- 
sumption. For another thing, aquaculture’s “crops” do 
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Figure 4-1. World Fish Harvest^ Fish Catchy and 
Aquaculture Production^ 1950-96 
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not generally stay put. A good deal of aquaculture is 
done in natural waterways; even where artificial ponds 
are used, escape is so common that the ponds may best 
be considered just another means of introduction. The 
consequent biological pollution is enormous, but the 
industry’s willingness to reckon with it has thus far 
been limited. 

Walter Courtenay, a biologist at Florida Atlantic 
University and an authority on fish introductions, 
defines the standard response: “those who introduce 
fishes purposefully are more interested in impacts on 
fishes considered immediately useful to humans and 
not to the overall native fish fauna or ecosystem; that is, 
if it cannot be caught and used, it is of little or no 
importance. .. .whatever ‘impact’ studies they might 
conduct have the same narrow focus as the rationale for 
making an introduction.” As presently practiced, aqua- 
culture offers a substantial short-term payoff — but we 
are assuming long-term ecological risks that we cannot 
yet even calculate. 
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Islands 


For millions of years, thxmdering Pele has spewed forth 
her archipelago in the farthest reaches of the Pacific — 
farther firom continental shores than all but a few scat- 
tered humps of land. Each of her islands breaks the 
waves black and steaming; each rises high above the 
water, then gradually erodes and sinks as newer islands 
explode from the sea. During the 5-10 million years 
that any one of these nodes spends above the waves, 
Pele tolerates a few terrestrial pilgrims. These arrive in 
a slow and intermittent procession. Sea birds with 
snails glued to their feet. Every couple of millennia, 
perhaps, a few forest birds blown off some distant 
island, or a raft of broken vegetation — t5^hoon flotsam 
firom beyond the horizon, bearing an assortment of 
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spiders, insects, and fertile fruit. Most of these arrivals 
die. But a few succeed, and over the eons Pele molds 
them into new forms: an island in evolution to match 
the islands in the sea.* 

Pele may be a grudging host of mainland life, but the 
mainland, it turns out, loves her. Every year now, some 
7 million tourists visit her realm. Yet the islands that 
they seek are intact only in a geological sense. Hawaii 
as a distinct ecological reality is rapidly vanishing.^ 

Hawaii’s extreme isolation has acted as a kind of 
biotic filter: only certain kinds of creatures can survive 
such a crossing. Mammals, for instance, tend to have 
high metabolic rates: any monkey or tree shrew imfor- 
tunate enough to find itself on a log bound for Hawaii 
would have died of thirst or hunger long before its craft 
washed ashore. (Hawaii has only one native terrestrial 
mammal — a bat, which presumably flew rather than 
floated in.) Even the generally much tougher lizards 
and snakes never made it. (Hawaii’s only native reptiles 
are sea turtles.) But any creature that did make it — 
assuming it arrived in sufficient quantity to establish a 
breeding population — would have enjoyed an enor- 
mous benefit over its mainland cousins. The colonists 
found relatively few competitors or predators.^ 

This easing of ecological pressure permitted evolu- 
tionary developments that the more crowded mainland 
ecosystems probably would have snuffed out. The 
islands produced more than 100 species of lobelia — 
tropical plants famous for their brilliant, trumpet- 
shaped flowers. Most lobelias are of rather modest pro- 
portions, but on Hawaii they were shrubs, vines, even 
small trees. There were about 50 species of honey- 
creeper — small, brilliantly colored, forest-dwelling 
birds. Some honeycreepers had an extravagantly long 
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curved beak that matched exactly the extravagantly 
long curved flowers of the lobelias they pollinated while 
sipping nectar. The islands were full of this kind of evo- 
lutionary exuberance. There were more than 800 
species of terrestrial snail — the greatest diversity of 
these creatures anywhere in the world. There were tree 
ferns that grew 8 meters high and produced fironds 3 
meters longi there were 2-meter-high violets.^ 

In terms of its original biota, the Hawaiian archipel- 
ago is island ecology taken to some higher power. 
Compared with mainland ecosystems, most islands are 
relatively species-poor, but they usually contain a high 
proportion of endemics (species that live nowhere else). 
This tendency is strongest on “oceanic” islands (those 
lying off continental shelves), and on the Hawaiian 
archipelago it reaches its extreme. According to the 
most exhaustive inventory to date, about 17,600 species 
are thought to be native to the islands, and at least 
9,000 or 10,000 of them — ^well over half — are endemic. 
Of course, the inventory includes thousands of fungi, 
protozoa, and other tiny creatures that have not yet 
received much scientific attention. Larger, better-stud- 
ied creatures suggest that the real rate of endemism 
may be far higher: 91 percent of all native flowering 
plants are endemic, for instance; so are all six of the 
native freshwater fish, 99 percent of the mollusks (the 
snails and their kin), and 98 percent of native insects.^ 
The Hawaiian biota is distinctive in another way as 
well: it is going extinct at a rate that is breathtaking 
even by contemporary standards. During the past two 
centuries, at least 263 of the islands’ native creatures 
have disappeared and another 360 or so are currently 
listed as endangered or threatened imder the U.S. 
Endangered Species Act. (These numbers are indefi- 
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nite because the classification of some organisms is 
uncertain.) Biologists have identified yet another batch 
of roughly 775 creatures that probably should be “list- 
ed.” About 1 ,400 native Hawaiian life forms are there- 
fore in trouble or already extinct, and for the most part 
these are creatures that command attention: birds, 
plants, and colorful snails. 

Take the islands’ birds. We know from current sur- 
veys and from prehistoric remains that the islands had 
at least 111 native birds (excluding the 168 “visitor 
species” — mostly seabirds that come to Hawaii regular- 
ly but spend little time there). Of those 111, 51 are 
extinct and another 40 are in serious trouble. Of the 
islands’ 1,126 known types of native flowering plants, 
93 are already extinct and another 655 are in trouble. 
Hawaii accounts for only 0.2 percent of the land area 
of the United States, but is home to 38 percent of the 
country’s listed plants and 4 1 percent of its listed birds. 
The islands have been called the “extinction capital” of 
the United States.® 

It is true that Hawaii has suffered a great deal firom 
agriculture and logging — eucalypt and melaleuca were 
favored by island foresters for a time. But today bioin- 
vasion in its purest form is the overwhelming threat to 
what remains of Hawaiian nature. Exotic predators, 
competitors, or diseases are a major pressure on more 
than 95 percent of Hawaii’s endangered species. Think 
again about the plight of the native birds. Hawaii’s first 
human colonists imported pigs, dogs, and the 
Polynesian rat^ all these creatures prey on eggs or birds. 
The brown and black rats arrived with later colonists. 
As on many tropical islands, the small Indian mon- 
goose was imported in a vain attempt to control the 
rats. The common barn owl, native to Eurasia and 
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North America, was brought in for the same reason. 
Rats, mongooses, and owls all attack native birds too. 
So does the common myna bird, a pet species gone 
wild. So does the domestic cat.'^ 

But exotic predators are not the birds’ only problem. 
Sometime in the 1820s, a crew of sailors came ashore 
to clean and refill the mosquito-infested water casks 
from their ship. The islands, which until then had no 
mosquitoes, were soon enveloped with them. Among 
the creatures the mosquitoes fed on were various exot- 
ic birds introduced by immigrants longing for more 
familiar avian life. (See Chapter 6.) From these birds, 
the mosquitoes picked up a couple of exotic diseases — 
avian pox and avian malaria — ^which they then trans- 
mitted to Hawaii’s native birds. The native birds proved 
extremely susceptible; today, the diseases continue to 
force their numbers down. During recent epidemics, 
dying birds have literally just dropped out of trees. 
Elsewhere on the islands, aggressive exotic plants are 
destroying seabird nesting habitat. And pretty well 
throughout the archipelago, there has been a brute dis- 
placement of the native bird fauna by all those exotic 
birds. At least 46 species of exotic birds are now estab- 
lished on the islands and another 150 have been spot- 
ted but may not yet be breeding there.® 

It is the same story with many of the islands’ other 
creatures. Hawaii’s extraordinary snails, for example, 
are falling prey to the rosy wolfsnail, a native of central 
America and the southeastern United States. The wolf- 
snail attacks and eats other snails — sometimes it eats 
them shell and all. It was released onto the islands in 
1955 in the hope that it would control the African tree 
snail, an exotic crop pest. Naturally, it did not confine 
its attentions to the African snail; it has apparently dri- 
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ven dozens of native snail species into extinction. The 
rosy wolfsnail has been introduced onto more than 20 
other island groups in the Pacific and Indian Oceans, 
with similar results.® 

The native plants may have it worst of all. More than 
100,000 wild pigs are rototilling their way through the 
islands’ remnant rainforests, chewing up the under- 
brush, uprooting tree ferns and shrubs, and distribut- 
ing the seeds of exotic plants in their dung. Drier areas 
are visited by the other doomsday herbivore of island 
ecosystems: the goat. Bands of wild goats are stripping 
hillsides down to bare earth, which then erodes out to 
subsoil. Large tracts of dry forest were bulldozed in the 
1970s to provide more habitat for exotic game birds. 
Surviving tracts are losing out to fire-adapted exotic 
grasses. (See Chapter 2.) Forests of all types are suffer- 
ing from the loss of native pollinators, both birds and 
insects. Even in the islands’ healthiest surviving forests, 
most of the insect life is now exotic, and the exotic 
insects will not generally pollinate the native plants. 
One exotic that has penetrated lowland rainforest, the 
long-legged ant, is actually eating the tree pollen.'® 

Finally, as with the birds, the native plants are increas- 
ingly falling victim to brute displacement. A dense, 
prickly shrub called Roster’s curse, introduced firom the 
American tropics for erosion control, now infests more 
than 40,000 hectares on the island of Oahu alone. The 
fire tree, a nineteenth-century import from the Azores 
and Canaries, now infests all the major islands, covering 
more than 34,000 hectares. And the unstoppable 
banana poka, an Andean vine imported as an ornamen- 
tal, is green death to Hawaiian forests. With the aid of 
the pigs’ digestive systems, it can penetrate virtually any 
plant community, where it will suffocate entire forests. 
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from the canopy to the ground, in a thick, tangled mat 
that sometimes topples mature trees. In all, at least 877 
exotic plants are currently invading Hawaii. “ 

Once the cogs start falling out of the machine, the 
whole contraption is likely to come apart. Lose a hon- 
eycreeper and you are likely to lose a lobelia, or vice 
versa. And the pressure on what is left of the ecosystem 
has grown fantastically intense. It is estimated, for 
example, that before people came to the islands, one 
new insect or other invertebrate probably established 
itself every 50,000 to 100,000 years. Today, about 20 
new invertebrate species colonize Hawaii every year — 
the rate of invasion has increased at least 1 million 
times. Hawaii is becoming a scruffy collection of pan- 
tropical weeds — the trademark of wasteland from 
Mexico to Nigeria. It is empty landscapes chewed by 
goats into a tropical version of the tundra. It is birdsong 
familiar to the inhabitants of Pittsburgh or Calcutta. It 
is tramp mosquitoes and ants. Pele now presides over a 
kind of ecological jtmkyard — littered scraps of main- 
land life. 


* * * * 

What is happening on Hawaii is happening on hun- 
dreds of other islands all over the world. On the west- 
ern Pacific island of Guam, for instance, the brown tree 
snake has eaten 12 of the island’s 14 land bird species 
into extinction in the wild, and several lizard and bat 
species as well. Aggressive, mildly venomous, and noc- 
turnal, the snake is an accomplished climber and can 
grow to 3 meters. It is native to the Papua New Guinea 
region, and probably arrived on Guam aroimd 1950 as 
a stowaway on military equipment. Virtually all native 
vertebrate species have been suppressed or driven into 
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extinction since the snake’s arrival. The snake itself is in 
no danger of dying out because it has switched its 
attention to various exotic lizards and birds — including 
poultry — and these are unlikely to go the way of the 
natives.'^ 

Scientists fear that without major improvements in 
air and ship traffic inspection, it is only a matter of time 
before the brown tree snake colonizes other Pacific 
islands and perhaps some continental areas as well. At 
Honolulu International airport in Hawaii, for example, 
the snake is occasionally discovered in the wheel wells 
or cargo bays of planes arriving from Guam — despite 
vigorous efforts on Guam to keep the snakes out of the 
planes.'^ 

Far to the south, in French Polynesia, the miconia 
tree, from the American tropics, is smothering virtual- 
ly all of the territory’s major islands. Its beautiful 
foliage has earned miconia a place in tropical gardens 
all over the world. But the tree grows to 15 meters and 
casts dense shade that excludes other vegetation. 
Seedlings reach sexual maturity in only a few years, 
then produce millions of seeds of their own. On Tahiti, 
where it is known as “the green cancer,” miconia has 
displaced more than two thirds of the island’s native 
forest, and is threatening 25 percent of its native 
wildlife species.'^ 

In New Zealand, roughly two thirds of the land sur- 
face is covered by exotic plants. Nearly 60 percent of 
the plant species growing in the country are now exot- 
ic, and new plant species are establishing themselves at 
the rate of four a month. New Zealand has its own 
forms of “green cancer.” Clematis vitalba, for instance, 
is an innocuous ornamental vine in its native northern 
Europe, but in New Zealand it smothers stands of trees 
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more than 20 meters high. After the vegetation collaps- 
es, clematis blankets the resulting tangle, sometimes 
with mats meters thick, preventing any regeneration.^® 

But it is exotic animals, particularly mammals, that 
are causing the most trouble in New Zealand. (Like 
Hawaii, the country’s only native mammals are bats.) 
The Polynesian ancestors of the Maori brought in the 
Polynesian rat. Among the 80 or so vertebrates that 
Europeans added were 32 mammals — the Norway and 
black rats, weasels, cats, deer, and all the usual barn- 
yard fauna of Europe. One of the most unusual — and 
most regretted — additions came not from Eurasia but 
from Australia. A little marsupial called the brush- 
tailed possum was introduced into the country during 
the nineteenth century to establish a fur industry, but 
the possum developed a monstrous appetite for the 
island’s remaining native forests. Today, every New 
Zealand sunset brings out roughly 70 million of them, 
and before dawn another 21 tons of trees — bark, buds, 
berries, leaves, flowers, and all — have disappeared 
down the possums’ digestive tracts. Nor is it just the 
trees that suffer: the possum also eats the eggs and 
chicks of some native birds, and displaces others from 
their nesting sites. 

At least 35 of New Zealand’s native bird species have 
gone extinct, along with several species of reptiles and 
large flightless insects — most of them probably eaten 
into oblivion by predatory mammals (including 
humans). Perhaps as many as 1,000 native creatures 
are now at risk, and invasion is the most serious gener- 
al threat they face.'® 

On the other side of the Pacific, about 800 kilome- 
ters off the coast of Ecuador, the Galapagos islands also 
have a virulent case of invasion disease. Of the islands’ 
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1 1 native species of bats and rats (their total comple- 
ment of native terrestrial mammals), 8 are now extinct, 
6 of them because of exotic pressure. And the process 
continues. Wild pigs are eating the eggs of the famous 
giant tortoises, the endangered green sea turtle, and 
several iguana species. On Pinzon Island, black rats kill 
virtually every hatchling of the local race of giant tor- 
toise. On some islands, goats have eliminated all the 
seedlings of several native tree species, and wild house 
cats have eaten most of the lava lizards. An exotic ant, 
the little fire ant, has suppressed most of the islands’ 
native ant species.*® 

On Floreana Island in the Galapagos, thickets of the 
exotic scrambling shrub Lantana camara are encroach- 
ing on the nesting grounds of the darkrumped petrel. 
The guava, a South American fruit tree that infests 
some 40,000 hectares of the islands, fueled a fire in 
April 1994 that destroyed some 4,000 hectares of 
woodland on Isabela, the largest island in the group. 
And on several islands, a major bramble invasion has 
apparently begun to take shape. 

On the Indian Ocean island of Mauritius, 900 kilo- 
meters west of Madagascar, invading plants now dom- 
inate the landscape so completely that the native flora 
is limited to eight fenced-in plots, varying in size from 
1.5 to 15 hectares, and a couple of tiny nearby islets. 
The plots must be hand weeded to prevent them from 
disappearing into the surrounding carpet of exotics — 
731 invading plant species have been counted thus far. 
The Mauritian fauna is just as exotic as the flora: pigs, 
goats, deer, rats, monkeys, rabbits, and giant African 
snails are among the more disruptive exotic animals. 
The rosy wolfsnail is here too — and has driven 24 of 
the island’s 106 endemic snails into extinction.^* 
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In October 1835, Charles Darwin was exploring the 
Galapagos Islands, amusing himself with the local 
birds: 

There is not one which will not approach sufficiently 
near to be killed with a switch, and sometimes, as I 
have myself tried, with a cap or hat. A gun is here 
almost superfluous; for with the muzzle of one I pushed 
a hawk off the branch of a tree. One day a mocking- 
bird alighted on the edge of a pitcher (made of the shell 
of a tortoise), which I held in my hand whilst lying 
down. It began very quietly to sip the water, and 
allowed me to lift it with the vessel from the ground.^^ 

Early visitors to remote islands often commented on 
the Edenic naivete of the local animals. The Galapagos 
birds did not evolve in the presence of quick, smart 
mammalian predators, so they were not predisposed to 
view a giant, exotic naturalist as dangerous. Island 
plants are often “naive” as well. On the Hawaiian 
islands, for example, some plants have shed the thorns 
that armed their immigrant ancestors; in the absence of 
large herbivores, thorns are a waste of photosynthetic 
effort. Hawaii’s tree ferns are so easily injured by pigs 
partly because they have very shallow roots: they did 
not evolve in the presence of anything that would want 
to push them over.^^ 

This “naivete” goes some way toward explaining why 
islands are not just centers of endemism, but centers of 
extinction. Exotics often overwhelm an island because 
there is no local version of them — ^nothing that would 
have “prepared” island creatures for the invasion. 
Nothing in their evolutionary past prepared the 
Galapagos tortoises for rats; nothing prepared Guam’s 
birds for the brown tree snake. New Zealand’s trees 
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evolved without mammalian herbivores; they do not 
produce potent chemicals to discourage browsing, the 
way eucalypts do in Australia, where the possum comes 
from. On the nitrogen-poor volcanic slopes of Hawaii’s 
big island, none of the native plants can “fix” nitrogen; 
they never had to compete with shrubs like fire tree, 
which can.^^ 

The collision between mainland and island biotas 
had until the past couple of decades been the principal 
cause of historic-era extinctions — at least among the 
kinds of creatures we are good at observing. The trend 
is easiest to see in birds. Birds are ubiquitous and con- 
spicuous; people generally like them and they notice 
when birds are no longer around. So it is possible to 
piece together a fairly comprehensive record of bird 
extinctions during the past four centuries, and the 
record shows that 91 percent of those extinctions 
occurred on islands. The autopsies on these events vary 
somewhat in their conclusions, but invasion is general- 
ly cited as the principal cause of the trend. (One survey, 
for example, attributes 57 percent of these extinctions 
to exotics; another ascribes 70 percent of them to exot- 
ic rats alone; still another concludes that mammal inva- 
sions of islands remain the most serious threat to the 
world’s seabirds.)^^ 

Mammals show a similar trend, but the mammal 
picture is a good deal murkier. Unlike birds, mammals 
are often difficult to find, and they are relatively rare 
on oceanic islands. Even so, 36 percent of known mam- 
mal extinctions since 1600 have been island affairs. In 
all, about 75 percent of historic-era vertebrate extinc- 
tions are thought to have occurred on islands. (See 
Table 5-1. 

Extinction is a natural process. Like individual 
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Table 5-1. Historic-Era Terrestrial Mammal and Bird 
Extinctions 


Area 

Mammals 

Birds 



(number) 

Continents 

Africa 

11 

0 

Asia 

11 

6 

Australia 

22 

0 

Europe 

7 

0 

North America 

22 

8 

South America 

0 

2 

Total 

73 

16 

Islands 

Near continents 

8 

7 

In Pacific Ocean 

4 

109 

In Indian Ocean 

4 

18 

In Atlantic Ocean 

23 

20 

In Mediterranean Sea 

2 

1 

Total 

41 

155 


Source: Robert L. Peters and Thomas E. Lovejoy, “Terrestrial 
Fauna/’ in B.L. Turner II, ed.. The Earth as Transformed by Human 
Action: Global and Regional Changes in the Biosphere over the Past 
300 Years (Cambridge, U.K.: Cambridge University Press and 
Clark University, 1990). 


organisms, species have finite lives. No kind of living 
thing will live forever: eventually, it will either die out or 
evolve into something else. So in the very long run — in 
what scientists call “evolutionary time” — it is the rate 
of extinction rather than the fate of any particular 
species that will tell you the most about the fortunes of 
biodiversity. On a local level, that rate will vary greatly, 
of course, depending on community conditions and the 
type of organism concerned. But on a global level, the 
skein of life possesses an enormous and supple dura- 
bility; a big ecosystem may last for millions of years. 
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losing some species, gaining new ones, expanding and 
contracting as the climate changes. Such durability 
suggests that most of the time, extinction is a low-level 
“background” phenomenon; only occasionally does it 
become a monster that swallows up hundreds of 
species at once. 

So what is the “background rate” of extinction? How 
long should a species last without human interference? 
Fossil evidence — even though it is vague and hard to 
interpret — offers the best hope of an answer. Surveys of 
marine invertebrate fossils, for instance, suggest that 
ancient species of this type had an average life of from 
1 million to 10 million years. Fossil terrestrial verte- 
brates seem to have had a shorter average life-span, on 
the order of only 1 million years.^^ 

And in the broadest terms, the fossil record offers 
another basic insight into global extinction rates. If you 
take the record as a global whole and look at it in huge, 
10- or 100-million-year chunks, what you see is a gen- 
eral trend toward more species — toward greater diver- 
sity. The trend does not necessarily hold for particular 
classes of organisms or for finer time scales, but on that 
macroscopic level, it seems to have been interrupted 
only 1 1 times in the entire history of life. (The most 
famous of these interruptions occurred at the end of 
the Cretaceous Period, about 65 million years ago, 
when the dinosaurs went extinct.) Apart from those 1 1 
major extinction events, the rate at which new species 
evolve appears generally to have been higher — and usu- 
ally far higher — than the rate at which they have gone 
extinct. (See Table 5-2.)^® 

That is clearly not the case today. Current extinction 
rates for some of the best-known groups, like birds or 
mammals, are thought to be 100 to 1,000 times their 
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Table 5-2. Major Global Extinction Events 


Period 

Time Since 
Event 

Share of Species Thought 
to Have Gone Extinct 


(million years) 

(percent) 

Middle Miocene 

12 

24 

Late Eocene 

35 

35 

End of the Cretaceous 65 

76 

Late Cenomanian 

90 

53 

Aptian 

116 

41 

End of the Jurassic 

146 

45 

Pleinsbachian 

187 

53 

Late Triassic 

208 

76 

Late Permian 

245 

96 

Late Devonian 

367 

82 

Late Ordovician 

439 

85 


Source: Michael L. Rosenzweig, Species Diversity in Space and 
Time (Cambridgej U.K.; Cambridge University Press, 1995). 

ancient “background rates.” If those famous “endan- 
gered” and “threatened” categories turn out to be good 
predictors of future extinctions, then extinction rates 
could jump another 10-fold by the end of the next cen- 
tury. This twelfth great agony of extinction began on 
islands, but it has now infected the world’s mainlands. 
Around 1930, the extinction count on the continents — 
at least when it comes to conspicuous animals — seems 
just about to have caught up with the island count. For 
invertebrates and perhaps also for plants, the island- 
mainland distinction has likely disappeared as well. For 
the past few decades, the primary cause of extinction 
has been the destruction of tropical forests, whether on 
islands (the Malay archipelago, for example) or conti- 
nents (Amazonia).^® 
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Tropical forests contain the world’s richest ecosys- 
tems, in terms of the number of species inhabiting 
them. Most of this diversity consists of an overwhelm- 
ing abundance of arthropod species (insects and their 
relatives), and it is mainly the estimated loss among 
these creatures that is swelling the extinction rolls 
today. No one can say for sure what the global rate of 
extinction is, but a conservative estimate might put it at 
4,000 species per year, or about 1 1 per day. (The esti- 
mate is conservative because it uses two low-end num- 
bers: it posits a global total of only 5 million living 
species and it assumes that only 50 percent of them 
inhabit tropical forests.) This “best case” scenario 
would put the current life span of an “average” species 
at something like 500 years — only 0.05 to 0.005 per- 
cent of the “natural” life spans cited earlier. On the 
scale of a 75-year human life span, that percentage 
would represent from two weeks to less than a day-and- 
a-half.^° 

Despite the now global extent of the extinction cri- 
sis, islands remain crucial for understanding it. In part 
that is because there are a lot of ecological “islands” on 
mainlands. A lake, for example, is a kind of island in 
reverse — an isolated lode of water in an ocean of land. 
And lake life is island life: think of Lake Victoria, with 
its flock of haplochromine cichlids (see Chapter 4), 
then think of Hawaii with its flocks of honeycreepers 
and snails. Both places are vessels of endemic diversity; 
both show the island trait of elaborate local variation on 
a single, ancestral theme. 

There are wholly terrestrial “islands” too. At the 
southern tip of South Africa, in the highlands east of 
Cape Town, there is a 9-million-hectare expanse of 
shrubland growing on dry, nutrient-poor, sandy soils — 
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an upland archipelago above the richer, moister low- 
land soils, now largely converted to agriculture. This 
apparently unpromising region is the Cape Floral 
Kingdom, which is thought to contain the most diverse 
plant community on Earth— 8,574 native plant species 
have been identified, and 68 percent of them are 
endemic. Like the cichlids and honeycreepers, the 
endemic Cape flora is largely an array of closely relat- 
ed flocks: 69 shrub species belong to the genus Protea, 
another 80 to Leucadendron, and so on. And here, too, 
the extinction disease is raging: 58 of the Kingdom’s 
plant species are already gone; another 3,435 are 
threatened to one degree or another.^* 

And as with Lake Victoria and Hawaii, the primary 
agents of destruction are exotics. Exotic trees have dis- 
placed native vegetation over thousands of hectares. (See 
Chapter 3.) Less visible but perhaps more ominous is 
the arrival of the Argentine ant, which is dislodging the 
native ants. The Cape Floral Kingdom is in part a gar- 
den planted by its ants. About 1,000 of the native plants 
are known to rely on the local ants to bury their seeds — 
a service the Argentine ant refuses to perform.^^ 

Once you start looking for these ecological islands, 
the continents seem to be speckled with them: alpine 
communities, lakes, desert springs, distinctive soil 
“islands” weathering out of imusual bedrock. These 
places, which are so important in the tapestry of conti- 
nental life — are they all as vulnerable to invasion as the 
geographic islands are? For many of them, we have as 
yet no way of knowing. But the fate of such places as 
the Cape Floral Kingdom suggests that wherever a rich 
lode of endemics lies, there lies a soft spot for the can- 
cer of invasion — a place where life gone haywire can 
gnaw away at itself. And because the endemic commu- 
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nities are so distinctive^ their loss would be a far greater 
tragedy than their relatively small size might suggest. If 
the extinction crisis swallows up these islands of 
endemism^ it will have done much greater damage to 
the planet’s biodiversity than could be captured in a 
simple species count. 

Islands are important for understanding the extinc- 
tion crisis in another way as well: most of the Earth’s 
remaining wildlands are becoming islands in a sea of 
developed or degraded landscape. This process can be 
observed in practically any terrestrial biome — ^wild 
prairie;, for example^ or wetland. But it is probably 
doing the most damage in forests^ since forests may 
hold up to 90 percent of all terrestrial species. The 
world’s original forest cover has been roughly halved;, 
or reduced by nearly 3 billion hectares. About 60 per- 
cent of what remains consists of scattered patches — 
islands^ in other words. Only about 20 percent of the 
Earth’s surviving forest is in large^ consolidated^ and 
more or less natural ecosystems. The current rate of 
forest loss is somewhere around 14-16 million hectares 
per year; it may have dropped toward the lower end of 
that range since the IQSOs^ but it is still far higher than 
at any time in the historical past. From 1920 to 1950^ 
for example^ the average annual rate of deforestation 
was just 60 percent of the current rate. From 1700 to 
1850 — ^when the colonial era was in full swing — defor- 
estation probably averaged little more than 10 percent 
of what it does today. 

The jBragmentation of forests and other natural areas 
is not absolute^ since what isolates one species may not 
isolate another. An island of old growth forest sur- 
rounded by tree plantations^ for example^ would isolate 
creatures dependent on old growth^ but not necessari- 
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ly Other forest animals. Even allowing for a degree of 
continuum, however, there are some important ecolog- 
ical reasons why the big outdoors will always die when 
it is cut up into pieces. 

The basic dilemma can be expressed in a simple 
maxim: big habitats hold more species than little habi- 
tats. When you carve a big habitat up into little, isolat- 
ed chunks, you do not get to keep the original set of 
species in each little chimk — some species will eventu- 
ally die out in all the chtmks.The victims of the process, 
at least initially, tend to be species that require a great 
deal of room (rhinos, for example) or species with quite 
specialized requirements that get harder and harder to 
satisfy (honeycreepers). Eventually, less demanding 
species tend to go as well, because smaller populations 
are more susceptible to disasters (natural or otherwise) 
and to the unhealthy effects of inbreeding.^^ 

These processes help explain why virtually every 
census of fragmented tropical forest has found a loss of 
species. Even fragments specifically set aside for con- 
servation are almost never large enough to escape the 
trend. A recent study of mammals in western North 
American parks, for instance, found that fragmentation 
had caused 29 population extinctions (that is, extinc- 
tions of a particular population, but not necessarily of 
an entire species). As time passes, and as the isolation 
of these places grows more absolute, they are likely to 
hemorrhage more species.^^ 

“Habitat loss” is the bland standard label for the 
human fury that burns through a landscape and 
reduces its natural wealth to these remnant, pathologi- 
cal archipelagoes. And the habitat is almost always lost 
to an exotic biota serving human consumption or testi- 
fying to human waste. Crops, cattle, and goats. Waste- 
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lot weeds and plantation trees. Aggressive grasses, 
tramp ants, and sparrows. So invasion pressure tends to 
grow as fragmentation proceeds, partly because the 
remnant wild areas are awash in a sea of exotics, and 
partly because simplified or otherwise disturbed 
ecosystems are generally more vulnerable to invasion. 

Even in the fragments we call parks, invasion seems 
to be as inexorable as the direct effects of isolation. In 
the late 1980s, for example, a review of 24 field studies 
of natural areas in various parts of the world found 
exotics in all of them, except for some protected areas 
along the Antarctic coast. In continental U.S. nature 
reserves — among the most carefully scrutinized and 
protected pieces of real estate on the planet — anywhere 
from 5 to 25 percent of the flora is now exotic.^® 

As habitat dwindles, exotics are therefore likely to 
become increasingly dangerous, not just to the occu- 
pants of natural islands, but to the occupants of these 
“unnatural” fragments as well. In the United States, 
which has some of the world’s most fragmented natural 
areas, the process is well advanced. Exotics are already 
the most common reason — although not usually the 
only reason — ^for listing an organism as officially pro- 
tected under the U.S. Endangered Species Act: between 
35 and 43 percent of all listed organisms are under 
pressure from exotics. Worldwide, according to the most 
comprehensive recent survey, nearly 20 percent of the 
endangered species in the world’s best-studied animal 
groups — the vertebrates — are under pressure from 
exotics. (See Table 5—3.) And after habitat loss, invasion 
is now sometimes regarded as the second most impor- 
tant cause of endangerment on a global scale. 

But move away from the crucibles of extinction — the 
islands, whether natural or otherwise — and into the 
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Table 5-3. Threatened Animal Species Known to be Under 
Pressure from Exotics^ 


Species 

Continental Species 

Island Species 


(percent) 

(percent) 

Mammals 

19 

12 

Birds 

5 

38 

Reptiles 

16 

33 

Amphibians 

3 

31 

Freshwater fish 


34 

Average 

13 

31 


^The percentages are of total threatened species^ not of total 
species within the taxonomic category. Figures are likely to be 
underestimates^ since pressure from exotics can often be difficult 
to detect. 

Source: See endnote 37. 


vast^ indeterminate spaces that make up most of the 
world: in these places^ endangerment may not be the 
best measure of ecological health. Many such spaces 
are badly invaded. (See Figure 5-1.) On the Great 
Plains of North America^ for instance^ between 30 and 
60 percent of the plant species are exotic. But how sick 
are the plains or other such places because of that? 
“Think of it as a carrying capacity problem/’ notes 
Bruce Coblentz^ an invasion biologist at Oregon State 
University. A patch of North American prairie will only 
be graced with a certain amount of sunlight and water: 
if cheat grass is now absorbing half of that^ then the 
native prairie plants are losing groimd^ literally^ and 
may suffer a serious loss of evolutionary potential even 
though none of them may be in any immediate danger 
of extinction. 

Habitat loss and invasion: in a senscj these are two 
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Figure 5-1. Number of Exotic Plant Species in the Total 
Flora of Various Regions 


phases of a single disease. Intact habitat dissolves into 
islands amidst a sea of degraded landscape, then the 
islands dissolve too, as their native species die off and 
exotics invade. The result is impoverishment and 
monotony. It is not so much an empty landscape — a 
“silent spring,” to use Rachel Carson’s famous term — 
as a homogenized one. House sparrows sotmd the 
same, whether you are in Belgium or British Columbia 
or Hawaii. 

In much of the world, the first phase of the disease 
has reached an advanced stage: relatively few large wild 
areas remain intact. The second phase is picking up 
momentum rapidly, according to Jeff Crooks, a biolo- 
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gist at the Scripps Institution of Oceanography, and 
Michael Soule, the retired University of California 
ecologist who was a founder of the Society for 
Conservation Biology. In a recent paper, they argue 
that “it may not be long before invasive species surpass 
habitat loss and fragmentation as the major engines of 
ecological disintegration.”^^ 



The Culture of 
Invasion 
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Colonists 


A ship comes into New York Harbor in the spring of 
1890. It’s a passenger steamer, but some of the passen- 
gers disembark in cages: about 60 dark, voluble birds. 
Blackbirds, a contemporary New Yorker might have 
guessed. These are released in Central Park; a year 
later, they are joined by 40 or so of their fellows. How 
long did it take Europeans to colonize all of North 
America? Ponce de Leon claimed Florida for the 
Spanish crown in 1513, but the tall grass prairies of the 
Alidwest were not entirely plowed out and grazed over 
until about a decade before that steamer came in. From 
the arrival of Ponce to the loss of the prairies, more 
than three-and-a-half centuries elapsed. Sturnus vul- 
garis the European starling, completed its conquest of 
the continent— spreading from Central Park to San 
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Francisco — in a little more than 50 years.' 

The starling owes its New World debut to Eugene 
Schieffelin, the eccentric scion of a New York pharma- 
ceuticals manufacturer. Schieffelin apparently had little 
interest in the family business. Portrait painting, 
genealogy, and church history were more to his taste, 
but his main goal in life seems to have been joining and 
founding societies. One of the societies Schieffelin 
founded was the American Acclimatization Society, 
which had as its aim “the introduction and acclimati- 
zation of such foreign varieties of the animal and veg- 
etable kingdoms as may be useful or interesting.” The 
Society released many other “useful or interesting” 
European birds besides the starling — thrushes, finches, 
skylarks, and nightingales. Schieffelin even played a bit 
part in bringing the house sparrow to the New World. 
But apart firom the sparrow, none of these other releas- 
es succeeded. Schieffelin’s only lasting gift to the con- 
tinent is the starling.^ 

Schieffelin is often said to have wanted to establish 
in the New World every species of bird mentioned in 
the works of William Shakespeare. Apparently, no 
record of any such ambition on his part survives, 
although he is known to have foimded a society called 
the Friends of Shakespeare. If the charge is true, how- 
ever, Schieffelin fashioned a huge biotic drama out of a 
single line. There’s just one reference to starlings in the 
Bard’s entire works: “I’ll have a starling taught to speak 
nothing but ‘Mortimer’,” says Hotspur, in Henry IV, 
part I, after the King forbids him to mention his broth- 
er-in-law, a suspected traitor. (Starlings are talented 
mimics.) There are now more than 200 million of them 
in North America, where they are a serious pressure on 
native cavity-nesting birds.^ 
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A fantastic and completely frivolous ambition, to make 
the New World sing in Shakespearean verse. But 
whether Schieffelin intended it or not, such an idea was 
perfectly in keeping with acclimatization societies like 
the one he fotmded. During the nineteenth century, a 
loose network of these societies, along with botanical 
gardens and fish hatcheries, moved hundreds of plant 
and animal species between North America, Europe, 
East Asia, and various European colonies. (See Table 
6-1.) The aims of this network went far beyond a sim- 
ple extension of the European farmyard biota. An inter- 
est in transplanting skylarks and starlings may seem 
absurd today, but it was the expression of a profound 
biological undertaking: the reconstitution of non- 
European landscapes as a whole. 

Acclimatization was a later chapter in the history of 
European colonization, but it followed logically from 
the first pages of the volume. Even when these brave 
new worlds turned out to be prosperous, they seem 
often to have engendered a kind of colonial angst — an 
anxiety of difference. Today, for various reasons — the 
speed of jet travel, the spread of so many European 
species, the loss of so many indigenous cultures — ^that 
angst is difficult to reconstruct. But in the early phases 
of colonial expansion, these ends of the Earth, so far 
from Europe and so unlike it, could be frightening or 
repugnant to European sensibilities — even in features 
that later generations have come to celebrate. 

New England, for example, is famous for its fall 
foliage, especially the incandescent red and orange 
blaze of its native maples. The maples are a source of 
regional pride and considerable regional income, from 
the tourists — the “leaf peepers” — ^who arrive to view 
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Table 6-1. Key Dates in Establishment of Selected 
Acclimatization Societies and Botanic Gardens 

Year Society or Botanic Garden 

1 543 Garden in Pisa, Italy 

1652 Dutch East India Company’s garden at Capetown, 

South Africa 

1735 Pamplemousses botanic garden in He de France 
1759 Royal Gardens at Kew, England, reorganized as botanic 
gardens 

1774 Jamaica Botanic Garden 

1787 English East India Company’s Calcutta Botanical Garden 
1796 Garden at Penang, Malaysia 

1816 Sydney Botanic Garden, Australia 

1817 Garden at Bogor, Java 

1821 Garden at Peradeniya, Sri Lanka 

1 845 Royal Botanic Garden at Melbourne, Australia 
1854 La societe zoologique d’Acclimatation (Paris) 

1858 Akklimatisations-verien (Berlin) 

1859 Comite d’Acclimatation d I’Algerie (Algiers) 

1859 Missouri Botanical Garden, United States 

1860 Acclimatisation Society of the United Kingdom (London) 

1861 Societa di Acclimazione (Palermo, Sicily) 

1861 Acclimatisation Society of Victoria (Melbourne) 

1863 Nelson Acclimatisation Society (New Zealand) 

1863 Botanic Garden at Christchurch, New Zealand 

1864 Imperial Russian Society of the Acclimatisation of 
Animals and Plants (Moscow) 

1871 American Acclimatization Society (New York) 

1872 Arnold Arboretum, Massachusetts 

1892 Botanical Garden of Buenos Aires, Argentina 

1898 Entebbe Botanical Garden, Uganda 

1930 Hui Manu, the Hawaiian acclimatization society 

Source: Christopher Lever, They Dined on Eland: The Story of the 
Acclimatisation Societies (London: Quiller Press, 1992); Quentin 
C.B. Cronk and Janice L. Fuller, Plant Invaders: The Threat to 
Natural Ecosystems, WWF and UNESCO “People and Plants” 
Conservation Manual 2 (London: Chapman and Hall, 1995); 
Stephen A. Spongberg, A Reunion of Trees: the Discovery of Exotic 
Plants and Their Introduction into North American and European 
Landscapes (Cambridge, MA: Harvard University Press, 1990). 
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the spectacle. In the 1640s, however, leaf peeping was 
not in vogue. In his History of Plymouth Plantation, 
William Bradford, the Puritan governor of Plymouth 
colony, observed sourly that fall imparts to this 
“hideous and desolate wilderness” a “wild and savage 
hue.” (A reminder, that is, that New England is not 
England.)^ 

By the nineteenth century, these “neo-Europes” had 
largely ceased to be frightening, but in the eyes of the 
acclimatizers they were still degenerate, still requiring 
improvement in ways large and small. And the task was 
too important to be left to eccentric entrepreneurs like 
Schieffelin. 

One of the most comprehensive efforts in this direc- 
tion began in 1871, when the U.S. Congress set up its 
Fish and Fisheries Commission. Spencer Fullerton 
Baird, its first Commissioner, recognized an incipient 
crisis in the country’s fisheries: Baird was one of a small 
company of naturalists who realized that many U.S. 
fish stocks were already in decline. Baird had grave 
doubts about whether the rapidly growing republic 
could continue to live from its fields, and he was con- 
vinced that “water can be made to yield a larger per- 
centage of nutriment, acre for acre, than land” — a plau- 
sible supposition in the days before chemical fertilizers 
and high yield grains.^ 

So Baird set up an immense stocking program for 
fish of all kinds. During the next couple of decades, 
shad, salmon, trout, whitefish, bass, pike, haddock, and 
many other species were distributed by the commission. 
One of Baird’s favorites was the common carp, from 
Europe. Carp, Baird thought, would give the southern 
United States an equivalent to trouq it would cost only 
half as much to produce as poultry, and carp ponds 
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could be dug in land unsuitable for crops. The commis- 
sion devised special fish cans for shipping baby carp to 
farmers all over the coimtry. Baird even cajoled freight 
companies into shipping all the cans back for fi:ee. 

Today:, the carp is probably the most common fresh- 
water fish in the United States. Similar programs else- 
where have made it a true cosmopolitan — occurring 
virtually everywhere there is available habitat^ and 
growing fat in farm ponds and natural waterways all 
over the world. It is widely valued for its ability to tol- 
erate a broad range of conditions^ including heavy pol- 
lution. It is also widely condemned as a nuisance: the 
carp is the aquatic equivalent of a pig. It spends its time 
rooting around in the muck and muddying the water — 
a habit that lowers oxygen levels^ interferes with sight- 
feeding fish^ and releases nutrients that promote algal 
growth. And like a pig^ it will eat just about anything^ 
including any fish eggs that it can find. In some coun- 
trieS:, including the United States^ it is suppressing 
native fish.^ 

But Baird's ambitions ran well beyond conventional 
aquaculture. He managed to convince more than 100 
railroad companies — ^virtually the whole of the coun- 
try’s rapidly growing and rather chaotic rail system — to 
take his fish cans aboard ''and in many cases^ to stop 
the car at stations near rivers or streams to allow the 
introduction of fish therein.” By the early ISSOs^ a cou- 
ple of specially adapted railroad "fish cars” were 
trundling through the countryside with more than 9 
tons of cargo. During the next couple of decades^ there 
were few^ if any 3 watersheds in the country that did not 
feel the plunge of exotic fingerlings. And by the ISSOs^ 
the United States was exporting eggs of its native fish 
abroad — to Canada^ much of western Europe^ New 
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Zealand, Australia, and even the Sandwich Islands.'^ 

It was in Australia that acclimatization approached 
its logical extreme. As in the United States, the activity 
was partly an attempt to improve the farm economy, 
although in Australia’s case the immediate worry was 
too much labor rather than too little food. The problem 
was at its worst in the southeastern province of 
Victoria. Toward the end of the 1850s, Australia’s gold 
rush had run its course, and hordes of unlucky miners 
were looking for work. In an essentially agrarian econ- 
omy, the obvious answer to unemployment is more 
farms. The government passed a series of acts intended 
to encourage homesteading, but the land itself would 
also have to be made more productive. Couldn’t that 
task be achieved quickly and cheaply by impor tin g 
more productive plants and animals? During the 
1860s, a half-dozen major acclimatization societies, 
fortified with both private and public funds, rose to the 
task. An assortment of fish, birds, mammals, and plants 
arrived from both the Old and New Worlds.® 

As in the United States, acclimatization became a 
form of civic good works. Australian nature appeared to 
be badly flawed and the fortunes of the colony depend- 
ed on its correction. If the eucalypts were riddled with 
wood-boring larvae that jeopardized their value as tim- 
ber, then woodpeckers ought to be brought in to deal 
with the problem. Africa’s snake-hunting secretary 
birds might be a good solution for all the snakes. And 
as for the local game — aborigines might content them- 
selves with roast monitor lizard, but the landscape 
would have to be stocked according to the colonists’ 
tastes, with rabbit, deer, and pheasant. And so by 
touches both broad (rabbits) and refined (songbirds 
and fireflies) the societies attempted to make over the 
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Strange nature of Australia.^ 

Behind the furious effort lies that colonial angst, apt 
to be far sharper in Australia than in North America. 
Australia is so obviously alien to the cheerful clutter of 
the idealized European countryside, where nature 
seems, by and large, a kind of furniture for humanity. 
Australian nature is definitely not furniture. The island 
continent, ancient and inscrutable, was not molded by 
any history a European could read, did not answer to 
people in any way a European could hear. The silence 
of the bush was suffocating. In 1857, a legislative com- 
mittee endorsed the idea of wholesale acclimatization 
as a way of populating the solitudes, where “the almost 
unbroken repose of ages holds its sway.” The project 
would involve the creation of a kind of selective and 
cosmopolitan Eden, as in this reverie firom the newspa- 
per TheAgCy of April 2, 1858, which hoped: 

to see the horse-chesmut and the oak add grandeur 
and variety to our woods, to have the Chinese sugar- 
cane filling the cultivator’s purse, to hear the nightin- 
gale singing in our moonlight as in that of Devonshire, 
to behold the salmon leaping in our streams as in those 
of Connemara or Athol, to have antelopes gladdening 
our plains as they do those of South Africa, and camels 
obviating for us as for the Arab the obstacle of the 
desert. 

Most of the introductions failed. The fireflies didn’t 
take; neither did the peacocks, llamas, or ostriches. But 
the acclimatizers had a hand in several of the conti- 
nent’s worst invasions. European rabbits, for example, 
had been part of the colonial equipment since the 
arrival of the First Fleet, in 1788, but the societies were 
the main engines driving their establishment in the 
wild. The effort proved a disastrous success. For nearly 
a century, until the introduction of a Brazilian rabbit 
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virus in the 1950sj billions of rabbits plagued Australia. 
(See Chapter 9.) Despite immense pogroms in which 
tens of millions of rabbits were killed, despite more 
than 3,200 kilometers of fencing designed to block 
their advance, the rabbits gnawed Australia’s range into 
smbble and dust. Sheep and cattle starved] farmers 
abandoned their land.“ 

Among the other exotics that the acclimatizers 
helped spread were European starlings and sparrows, 
which suppress native bird populations, and various 
species of deer. They also introduced the prickly pear 
cactus, which went on a vegetable equivalent of the 
rabbit rampage, overrunning more than 310,000 
square kilometers of rangeland, before it too was 
stopped by an introduced biocontrol agent, the moth 
Cactoblastis cactorum. (For a discussion of biocontrol, 
see Chapter 9.)^^ 


★ ★ ★ ★ 

Since acclimatization was in some measure a colonial 
enterprise^ its enthusiasts often expected it to yield 
some sort of return for the mother country. In mid- 
nineteenth-century Algeria^ for instance^ French colo- 
nial authorities had hopes of covering much of the 
coimtryside with eucalypts and bamboo^ in order to 
make the climate moist enough to grow a wider assort- 
ment of crops. After the Franco-Prussian war 
(1870-71)5 French acclimatizers hoped Algeria’s intro- 
duced eucalypts would compensate for the lost forests 
of Alsace-Lorraine. But the biggest benefit was colo- 
nization itself. Reforming Algerian nature — and agri- 
culture — on a European model would open up living 
space for French smallholders^ who could occupy the 
landscape and make it profitable. Europeans them- 
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selves would therefore need to be “acclimatized” to 
their colonial environs — a notion that became com- 
monplace in colonial ideology. Auguste Hardy, colonial 
Algeria’s chief botanist and director of the formidable 
experimental gardens of Algiers, once wrote that “the 
whole of colonization is a vast deed of acclimatiza- 
tion.”'^ 

Despite their own need for improvement, it was pos- 
sible that the colonies could contribute beneficial 
organisms to Europe. “We have given the sheep to 
Australia; why have we not taken the kangaroo — a most 
edible and productive creature?” asked Isidore 
Geoffiroy Saint-Hilaire, the first president of the French 
Societe Zoologique d’Acclimatation. “New conquests 
of animals and plants will serve as new sources of 
wealth.” The Societe became the preeminent organiza- 
tion of its type in Europe. It owed its founding largely 
to Geoffroy Saint-Hilaire’s conviction that “all civilized 
countries” ought to collaborate on a project “to popu- 
late our fields, our forests and our streams with new 
inhabitants” as a means of increasing the productivity 
of the European landscape.'^ 

The search for useful animals even inspired a new 
(and short-lived) branch of zoology. Geoffiroy Saint- 
Hilaire coined a term for it: “zootechnie” — a kind of 
animal technology. In an era not yet dominated by 
engines and computers, it was conceivable that unusu- 
al species of animals could augment industry. Is a new 
beast of burden really any less plausible a token of 
progress than a new model of car? For a time, 
Burchell’s zebra could be seen pulling wagons through 
the streets of Paris. Yet the societies’ contributions to 
the European fatma proved fairly modest. They helped 
establish certain game birds, such as pheasants, and 
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various North American salmonid fish. The English 
society may also have had a hand in the introduction of 
the east Asian sika deer, which has become a forest pest 
in Scotland and is interbreeding with the native red 
deer.‘* 

Plants, however, are a very different story. The 
European powers began to establish a network of 
botanical gardens very early in the colonial period. 
There was a Dutch garden in Capetown, South Africa, 
by 1694, a French garden on Mauritius by 1735, and 
English gardens in Jamaica, Calcutta, and Penang, 
Malaysia, by that date as well. These gardens, in con- 
junction with their counterparts in Europe, formed a 
critical part of the colonial infrastructure because of 
their role in moving tropical crops. A curious and last- 
ing effect of this botanical commerce is a pattern of cul- 
tivation in which economic production usually occurs 
where the plants are not native. South American rub- 
ber is grown mostly in the Malaysian archipelago. 
South American cocoa in west Africa, African coffee in 
the New World tropics. Southeast Asian bananas in 
Central America, and so on. This pattern had the ben- 
eficial — if imintended — side effect of allowing the crops 
to escape their natural pests and diseases, an effect we 
still depend on to some degree. (See the discussion of 
rubber in Chapter 8.)'® 

The botanical garden network was also instrumental 
in bringing many exotic plants into Europe, and later 
into North America. No definitive count of the result- 
ing introductions exists, but one survey of central 
Europe gives a representative picture, at least for the 
trees and shrubs. Some 2,645 woody plant species were 
introduced into central Europe from 1500 imtil the 
first decades of this century. (See Figure 6-1 .) The rate 
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of introductions accelerated steeply from the mid-eigh- 
teenth century onward, driven initially by North 
American and later by Asian imports. Today, the total 
number of introductions would be considerably higher: 
some 3,150 exotic woody plants are being grown in 
German public and botanical gardens alone. At least 
210 of these exotic woody plants have become invasive 
in central Europe. (See Figure 6-2.) 

By the time Schieffelin’s starlings arrived in New 
York City, acclimatization was already withering away 
as a serious interest in European scientific circles. The 
field had gained much of its intellectual appeal from 
the great controversy over evolution and religion that 
culminated in the 1860s. If the form of each creature 
was ordained, wouldn’t its place in creation have been 
appointed as well? How could a creature thrive in a 


Number of Species 
1400 



Figure 6-1. Imports of Woody Plant Species into 
Central Europe^, by Place of Origin^ 1500-1916 
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place where the Creator Himself had not put it? Once 
the power of evolutionary theory had been established, 
such questions seemed less and less worth asking. And 
new realms were opening up. Physiology — the land- 
scapes of the cell — ^had begun to eclipse the landscapes 
of forest and field.'® 

By the turn of the century, acclimatization had slid 
into nearly universal scientific disrepute. Its last gasp as 
a social force seems to have been in the Soviet Union 
of the late 1920s and early 1930s, when it formed a 
part of Stalin’s plan for the “Great Transformation of 
Namre.” The plan involved the release of various 
exotics, including large numbers of North American 
muskrats and other fur-bearing mammals, once again 
to the great detriment of the native fauna.'® 

Yet in some senses, acclimatization is still with us. 


Number of Species 

70 

Source: See endnote 1 7 



Figure 6-2. Successful Invasions of Woody Plant Species 
into Central Europe:, by Place of Origin^ 1787-1990 
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not as a social enterprise, but as an assumption that 
shapes the way we see nature — and as a de facto part of 
the landscape. Modern sport fish introductions gener- 
ally make as little ecological sense as the songbird 
introductions of Schieffelin’s era, and have probably 
done a good deal more damage. (See Chapter 4.) 
Game introductions, too, have continually repeated the 
acclimatizers’ ecological myopia, although completely 
novel releases are a rare event now. But the legacy of 
past releases lives on, especially in the United States. In 
Texas, for instance, a couple of Eurasian deer species 
are outcompeting native deer. In the Olympic peninsu- 
la of the Pacific Northwest, an introduced herd of 
mountain goats is damaging delicate subalpine flora. 
And in the U.S. Midwest, the Asian ring-necked pheas- 
ant is competing with the native quail and prairie 
chicken.^® 

And Stalin was not alone in his fondness for fur. 
Several mammals have been introduced in various 
parts of the world to build fur industries: the North 
American mink in the United Kingdom, the South 
American nutria (a kind of large rodent) in the U.S. 
Southeast and Pacific Northwest, the North American 
muskrat throughout Eastern Europe, the North 
American beaver in Tierra del Fuego, and the 
Australian possum in New Zealand. (See Chapter 5.) 
In all these cases, the mammals have become wetland 
or forest pests.^‘ 

But horticulture is the principal means by which 
acclimatization reaches into the present. To those who 
do not practice it, gardening may seem merely a coterie 
obsession, like playing bridge or collecting stamps. But 
the age and ubiquity of the practice show its profound 
importance, for both the landscape and the human psy- 
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che. When the European colonial powers extracted, in 
effect, a tribute of plants from their dependencies, they 
were doing what imperial societies generally seem to 
have done. There is, for example, a surviving letter from 
Darius the Great of Persia (who reigned 521-486 B.c.) 
commending an estate manager for introducing “trees 
and plants from beyond the Euphrates.” In his volumi- 
nous and chatty Natural History, Pliny the Elder (23-79 
A.D.) shows us a Rome as acquisitive of foreign plants 
as it is of foreign gods. And in the early fourteenth cen- 
mry, Marco Polo describes Kublai Khan’s interest in 
evergreen trees: whenever the Great Khan encountered 
one he liked, he had it dug up and hauled, by elephants 
if necessary, to his arboretum in what is now Beijing.-^ 

Modern gardeners are still served by the horticultur- 
al infrastructure that developed during the Age of 
Acclimatization. Although the botanical garden net- 
work now focuses primarily on issues of critical impor- 
tance to botany and plant conservation, new garden 
introductions still emerge from it. The garden network 
also has an extensive for-profit arm: the nursery indus- 
try, which as every avid gardener knows is always look- 
ing for new introductions. Plant breeders for the big 
nursery companies are constantly combing the genome 
of established garden plants for new varieties, just as 
plant explorers continue to comb the countryside for 
entirely new species. 

The result is that horticulture — a minor industry in 
terms of its economic size — is a gargantuan engine of 
biotic mixing that has helped unleash some of the 
world’s worst plant invasions. (See Table 6-2.) One 
global survey of 1,060 woody plant invasions, for 
example, found that in the 624 cases in which the ori- 
gin of the invasion could be ascertained, 59 percent 
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Table 6-2, Garden Variety Monsters 

Pest Description 

Rubber Vine Introduced from Madagascar as an ornamental 

and possible rubber source into northern Australia 
at the turn of the century. In a reversal of the usual 
scenarioj this island invader of a continent now 
infests some 350^000 square kilometers of tropical 
Queensland, where it chokes out native grassland 
and forest, smothering trees up to 30 meters high. 

Clematis This ornamental vine from northern Europe had 
Vitalba escaped from gardens in New Zealand by the 

1930s. It is doing to that country’s forests what 
rubber vine is doing to northern Australia. When a 
stand of smothered trees collapses, clematis blan- 
kets the resulting tangle, forming mats over a meter 
thick and preventing any regeneration. 

Water A South American aquatic plant introduced 

Hyacinth during the nineteenth century into the southern 
United States, Africa, and southern Asia. Its origi- 
nal use was often as a pool ornament; subsequent 
uses have included fodder, green manure, biogas 
production, and wastewater treatment. But given 
the number of lakes and rivers that have disap- 
peared beneath it, many water managers would be 
glad to get rid of it without using it at all. 

came from botanical gardens^ landscapings or other 
amenity purposes. In the continental United States and 
Canada^ garden introductions are estimated to account 
for about half of the 300 or so really serious pest plants 
of natural areas. Even species like purple loosestrife — 
species that are proven hazards — generally remain in 
the trade.^^ 

More than 60 percent of North America’s worst wild- 
land weeds are still being sold by nurseries. And new 
garden invaders continue to surface regularly. In early 
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Pes^ Description 

Purple This European wetland plant probably first 

Loosestrife reached North America at the end of the eigh- 
teenth century in wool imports and solid ship 
ballast; during the nineteenth century it was 
imported for ornamental and probably for 
medicinal purposes. It has now overrun more than 
bOOjOOO hectares of North American temperate 
and boreal wetland, where it has eliminated native 
vegetation and ruined the waterfowl forage base. 

Knotweeds Bamboo-like plants from east Asia introduced into 
Europe and North America during the nineteenth 
century as ornamentals and, in Europe, for game 
forage. On both continents, knotweeds are outcom- 
peting native riverside vegetation and exacerbating 
floods by choking off water courses. 

Saltcedars or A group of scrubby, feathery-leaved trees from 

Tamarisks Central and East Asia introduced into the western 
United States beginning in the early nineteenth 
century, primarily as ornamentals but also for 
erosion control along rivers. Today they infest more 
than 600,000 hectares along rivers and streams, 
forming dense thickets of little wildlife value and 
often eliminating surface water. In the U.S. south- 
west, it is estimated that saltcedars now absorb a 
greater quantity of water every year than is used by 
Los Angeles and all the other cities of southern 
California combined. 

Source: See endnote 23. 


1998, for instance, a new weed emerged in New 
Zealand: a garden escape called holly leaved senecio, a 
South African daisy that produces purple-pinkish flow- 
ers and can grow as tall as a person. Giant purple 
daisies — one more flower for the chaotic world garden.^^ 
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A ship comes into San Francisco Bay in the fall of 
1998. It’s a container vessel loaded with big metal 
boxes that cranes will transfer to the flatbeds of tractor 
trailers or railcars. This ship has arrived from Pusan^ 
South Korea^ but some of its containers were loaded at 
previous ports of calb during a commercial odyssey 
that took it all the way up the Asian coast from 
Malaysia. Soon they will be distributed throughout the 
bay area and far beyond. What’s on board? Probably 
some of just about everything that the West buys from 
the East: car parts^ electronics^ furniture, textiles, 
maybe even chemicals. 

What else is on board? No one will ever know — at 
least as far as this particular ship is concerned. But the 
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immense 1 12,000-hectare bay is teeming with the results 
of its ship traffic. Nearly 30 species of exotic fish are now 
major predators in the bay — a bizarre mixture of East 
Asian gobies, Atlantic shad, Mississippi catfish, common 
carp, various species of bass, perch, and sunfish, even 
goldfish. This crowd of exotic fish has suppressed native 
fish populations and contributed to the extinction of at 
least one native species: the thicktail chub.' 

The European green crab appeared in the bay 
around 1989. The green crab grows only to about 8 
centimeters in width, but it is belligerent, adaptable, 
and a kind of living vacuum cleaner. It will eat just 
about anything — shellfish, barnacles, algae, snails — 
even other crabs. In the 1950s, it invaded and 
destroyed the softshell clam beds on the coast of New 
England and Atlantic Canada; subsequent efforts to 
control it have met with mixed success. Scientists fear 
a repeat performance on the West Coast.^ 

A couple of years after the green crab arrived, the 
Chinese mitten crab appeared. (The popular name 
comes from the fact that its claws are sometimes 
enveloped in “mittens” of hair.) The mitten crab digs 
tunnels more than a half-meter deep. Crab colonies can 
turn shorelines into a honeycomb of tunnels, and sci- 
entists worry that the crab will erode the banks of trib- 
utary rivers, and even cause levees to fail. In China, the 
crab is host to an occasionally fatal human parasite, the 
Oriental lung fluke, which has infected millions of peo- 
ple. The fluke is apparently not present in the bay’s 
crab population, but if travelers ever bring it into the 
area, it will find a ready reservoir of potential hosts.^ 
An Asian clam (Potamocorbula amurensis) arrived in 
the bay in the mid-1 980s and is now the dominant bot- 
tom-dwelling organism, occurring in beds at sustained 
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densities above 2,000 per square meter. Like the zebra 
mussel (see Chapter 4), the clam is an extremely effi- 
cient filter feeder; in the shallows of the San Francisco 
Esmary, it filters the entire water volume at a rate of 
nearly 13 times a day, which exceeds the reproductive 
rate of most forms of plankton. The consequent disap- 
pearance of the plankton has suppressed shrimp and 
fish populations — including the local Chinook salmon 
runs. The clam is also, like the zebra mussel, bioaccu- 
mulating dangerous pollutants. Selenium, a toxic sub- 
stance released into the bay from farm rtmoff and oil 
refineries, is being absorbed by the Asian clam at rates 
two or three times greater than by native clams. Higher 
selenium levels may be causing reproductive problems 
in the waterfowl that feed on the clams. ^ 

Most of the bay’s other creatures — sponges, 
seasquirts, crayfish, mussels, marine worms, barnacles, 
sea anemones, the cordgrass in the saltmarshes — are 
now exotic. Even the plankton may be largely exotic by 
now, but plankton taxonomy is not well enough under- 
stood to say for sure. Thus far, 212 exotics have been 
identified in the bay. At least another 1 23 species are of 
unknown origin, and another exotic establishes itself, 
on average, every 12 weeks. In some parts of the bay, all 
the species are now exotic: the bay invites us to think in 
terms not of exotic species, but of entire exotic com- 
munities. San Francisco Bay is ecological chaos: its past 
is no longer a reliable guide to its future.^ 

***•*■ 

Many of these creatures arrived in the bay by being 
pumped out of ships’ ballast tanks. Despite its apparent 
stability, a big ship does not sail simply by virtue of its 
design, any more than an airplane flies simply because 
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it has wings. Keeping a ship upright takes ballast 
— lots of it. Moving that water in and out of the 
cavernous tanks designed to hold it is as critical a part 
of the nautical routine as managing the rudder or the 
engines. Ballast water must be taken on when cargo is 
unloaded, or as fuel is consumed, or to provide extra 
stability in heavy weather, or sometimes to make the 
ship ride low enough to pass under a bridge. And for 
every reason that it is pumped aboard, there is a corre- 
sponding reason for pumping it out — taking aboard 
cargo, making the ship ride high enough to move into a 
shallow harbor, and so on.® 

The ballast capacity of a big tanker can exceed 
200,000 cubic meters — enough to fill 2,000 Olympic- 
sized swimming pools — and its pumps can move that 
water at rates as high as 20,000 cubic meters an hour. 
That is not gentle suction. Most ballasting is done 
around harbors, in shallow water, and ships sometimes 
scour the bottom as they are ballasting up. In the resul- 
tant turmoil, the pumps can inject into the tanks a slur- 
ry containing hundreds of cubic meters of sediment — 
along with any small creatures that happen to be in the 
water or mud, or on nearby harbor pilings.'^ 

The tanks of a large ship may come to support a 
chaotic but more-or-less permanent living community. 
A large ballast tank can only be emptied completely by 
opening it up, and that is not done except during dry- 
dock overhaul, which on a well-maintained vessel 
might occur every three to five years. Routine use 
always leaves plenty of room for biological activity. In 
one recent survey of large ships reporting no ballast on 
board, the burden of unpumpable water and sediment 
in their “empty” tanks averaged 157.7 tons.® 

Ballast water is a soup stocked from harbors all over 
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the world. (See Table 7-1.) The holes in ballast intake 
grates are usually about a centimeter wide. That is 
probably plenty of room for most marine organisms in 
larval form — most fish larvae, for instance, are likely 
small enough to pass through. Sometimes the grates 
fall off, allowing much larger creatures to enter. In 

Table 7~1. Ballast Water Invaders 

Soiorce Description 

From Europe The zebra mussel, a shellfish native to the 

Caspian Sea region, is rearranging the ecology of 
many North American waterways. 

The ruffe, a European fish, has established itself 
in the Great Lakes and is beginning to outcom- 
pete the yellow perch and walleye — native fish 
species with an economic value of $90 million 
annually. 

A Mediterranean fan worm now forms a kind of 
living carpet over parts of the floor of Port 
Phillip Bay, on the southeastern coast of 
Australia, to the detriment of the local scallop 
fishery. 

From the Leidy’s comb jelly, a jellyfish native to the 

Americas Atlantic coast of the Americas, has devastated 

the Black Sea fisheries. 

The American razor clam, a shellfish native to 
the North American Atlantic coast, has estab- 
lished itself along the western and northern 
European coasts. 

A bristle worm, also native to the North 
American Atlantic coast, now constitutes 97 per- 
cent of the biomass of the large bottom-dwelling 
species in the immense Vistula lagoon, on the 
coast of Poland. 

From East The Chinese mitten crab and the Asian clam 
Asia have invaded San Francisco Bay. 
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April 1995, for example, the tanks of a ship that had 
come into Baltimore harbor from the eastern 
Mediterranean were found to contain more than 50 
healthy mullet 30-36 centimeters long.® 

But some of the most significant stowaways are 
microscopic: in 1991, ballast discharge from ships 
arriving in Peruvian ports from South Asia is thought 


Source Description 

At least eight species of East Asian copepods are 
established on the Pacific coast of the Americas. 

A starfish (Asterias amurensis) fi:om the North- 
western Pacific has invaded the Tasmanian coast; 
it is threatening local shellfish industries and 
endangering the native spotted handfish — which 
could become the first known marine fish to go 
extinct during the historic era (although there 
have likely been undocumented extinctions) . 

Poisonous dinoflagellate “red tide” plankton^ 
native to the waters off Japan, occasionally shut 
down oyster farms along the southeast coast of 
Australia. 

Various seaweeds native to the Japanese coast 
are established in the waters off Tasmania and 
along both coasts of the United States. 

From South The Indian bream, a fish, is established in 
Asia western Australia. 

Another fish, the Indo-Pacific goby, is established 
in Nigeria, Cameroon, and the Panama Canal. 

A crab (Chary bdis helleri)^ native to the Indo- 
Pacific and established in the eastern 
Mediterranean, has now appeared in the waters 
off Cuba, Venezuela, Colombia, and Florida. 

From Australia An Australian barnacle is outcompeting native 

barnacles over large stretches of European coast. 


Source: See endnote 9. 
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to have unleashed the first cholera epidemic that the 
western hemisphere has seen for more than a century. 
The outbreak may have infected several million people 
and killed 10,000 of them. Ships outbound fi:om Latin 
America were found to have cholera-laden ballast upon 
arrival in ports in Australia and the United States. 
More cases of imported cholera were observed in the 
United States in 1992 than in any year since surveil- 
lance for that disease began.'® 

There are more than 28,700 vessels in the world’s 
major merchant fleets, and they make up by far the 
largest part of the world’s trading infrastructure. About 
80 percent of the world’s commodities travel by ship 
for at least part of the journey to their consumers, and 
the volume of seaborne trade is climbing steadily 
upward. From 1970 to 1996, the trade nearly doubled 
(it climbed firom 10,654 billion ton-miles, the standard 
industry measure, to 20,545 billion ton-miles). 
Through its ballast systems, the world merchant fleet 
has in effect superimposed a second set of currents on 
the world’s oceans, and these meta-currents are far 
more efficient at transporting life over long distances 
than are the natural ones." 

On any given day, the meta-currents are moving per- 
haps 3,000 different species of every conceivable eco- 
logical function: green plant, pathogen, parasite, herbi- 
vore, carnivore, scavenger. Nor do the meta-currents 
reach only harbors. Because of the pervasiveness of 
ship traffic and the complexities of managing ballast, 
no coastal site can be considered immtme to their 
effects. But it is in harbors that we can most readily see 
the implications for the world’s coastal regions, which 
are the most biologically productive parts of the 
oceans. And in harbor after harbor, the same species 
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are appearing over and over again — the same crabs and 
clams, the same worms, sometimes even the same fish. 
The world trading system is creating an extra-geo- 
graphical marine biota. 

Many of the world’s worst aquatic invaders have been 
ballast water releases — the zebra mussel, for example, or 
that little luminescent blob known as Leidy’s comb jelly. 
Usually smaller than your thumb, this jellyfish is native 
to the East Coast of the Americas. It was apparently 
pumped out of a ballast tank and into the Black Sea 
around 1982. Leidy’s comb jelly eats the myriad tiny 
animals collectively known as zooplankton. And since 
nothing in the Black Sea will eat it, it launched one of 
the most intense marine invasions ever recorded. By late 
1988, a single cubic meter of Black Sea water could 
contain as many as 500 of the little jellies. If all the jel- 
lyfish could have been hauled out of the sea that fall and 
weighed, the take would have come to between 900 mil- 
lion and 1 billion tons — at least 10 times the total world 
fishery catch that year. But the anchovies and other fish 
that account for the sea’s traditional catch had largely 
disappeared. The jelly apparently provoked the collapse 
of the Black Sea ecosystem.’^ 

In effect, the little predator had snapped what was 
already a badly rusted chain. During the past several 
decades, the sea had grown steadily more polluted firom 
fertilizer runoff and the sewage of some 170 million 
people. This nutrient-rich pollution was feeding clouds 
of algae, which were robbing the water of light and 
burning up oxygen as they decayed. The Black Sea is 
namrally anoxic (suffering severe oxygen deficiency) to 
begin with. For millennia, rafts of plant material would 
sweep in from the Danube and the other tributary 
nvers, consuming the oxygen as they rotted and leaving 
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only a film of aerated water riding a vast anoxic pool — 
the largest such pool on Earth. Now the algae were suf- 
focating that upper layer of life. They were also shading 
out the huge shallow-water seagrass beds that had once 
functioned as the sea’s “limgs” — and as prime habitat 
for fish, crustaceans, sponges, and many other creatures. 
But zooplankton eat algae — and zooplankton were just 
about all that remained of the sea’s battered immune 
system. Then the jelly ate virtually all the zooplankton. 
Algae and jelly were almost the only living things in the 
water. At its peak, the jelly alone accounted for 95 per- 
cent of the sea’s entire wet weight biomass. 

By the mid-1990s, the jelly was showing signs of hav- 
ing exhausted its larder. Its Black Sea population has 
declined, but by 1992 it had invaded the Sea of 
Marmara, below the Bosporus, and it has turned up 
further south, in the Aegean, as well. Eventually, per- 
haps, it may infest much of the Mediterranean coast- 
line. Shipping could also take it north, up the great 
European rivers that run into the Black Sea, and into 
the Baltic. In the meantime, several jellyfish native to 
the Black Sea have established themselves in the 
Chesapeake Bay, on the U.S. East Coast, and in San 
Francisco Bay.*^ 

Despite their capacity for havoc, most ballast water 
invaders do not get much press. To the news media and 
probably to the public in general, marine pollution usu- 
ally means oil spill. The 1989 Exxon Valdez spill in 
Alaska’s Prince William Sound, for example, attracted 
major media coverage for months. But what about the 
spill that is spreading through the sound today? In 
December 1997, the U.S. Fish and Wildlife Service 
announced that it had discovered four new species of 
zooplankton there. They were released into the sound 
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from tanker ballast and appear to have come from East 
Asia via San Francisco Bay. Scientists are concerned 
that the invaders may develop a taste for the same foods 
that are needed by the Dungeness crab, an important 
fishery species. As more and more Alaskan oil is 
pumped, some scientists fear that ballast releases like 
these could become a general threat to the state’s fish- 
eries. The biotic spills, in other words, could become a 
far greater danger to Alaskan coasts than the oil spills. 
After all, oil spills may be a grave environmental insult, 
but they eventually go away. Biotic spills do not.*® 

★ ★ ★ ★ 

It is apparently a universal dimension of culture, the 
essential human enterprise, to be riddled with hun- 
dreds of these more-or-less accidental “pathways” — 
thoroughfares, often invisible to their human contem- 
poraries, that have conveyed other organisms far 
beyond their natural ranges. The industries of the 
past — some of them still with us, some largely forgot- 
ten — ^have left an enormous biotic legacy in this way. 

Some 500 exotic plant species growing around the 
French city of Montpellier, for instance, have been 
attributed to wool imports: for centuries, wool scouring 
was an important local industry. About a century ago, 
the oyster industry inadvertently released the North 
American Atlantic cordgrass onto the coast of the 
Pacific Northwest, in shipments of oyster “seed.” In its 
new range, the cordgrass has converted extensive tracts 
of tidal mudflats — essential for many bird and fish 
species — ^into much less productive marsh. A failed 
soap-making industry helped the highly invasive 
Chinese tallow tree into the forests and wetlands of the 
U.S. Southeast. (The tree’s seeds can be made into 
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soap; unfortunately, since the tree is also beautiful, 
there is another pathway through which it moves; hor- 
ticulture.) The failed enterprise that has probably left 
the greatest biotic scar was Leopold Trouvelot’s tragic 
ambition to produce silk in Massachusetts by import- 
ing the g5T3sy moth. (See Chapter 3.)^’ 

Many older pathways continue to function, of 
course, but in terms of aggregate effect, contemporary 
culture has moved an enormous distance from even the 
relatively recent past. And it has done so along several 
dimensions at once: modern industries seem to be 
opening up more pathways, which are moving a greater 
volume and variety of organisms at ever-increasing 
speeds. This tmintentional biotic leakage is now proba- 
bly the fastest-growing category of bioinvasion, at least 
in the industrial world. In a survey of dangerous exotics 
thought to have entered the United States from 1980 
through 1993, for example, researchers found that 
among those whose pathway could be identified, 81 
percent were accidental introductions.'® 

The forest products industry is a prime example of 
the trend. The movement of forest products has always 
entailed serious ecological risk — a shipment of veneer 
logs, for example, brought the Dutch elm disease to 
North America. (See Chapter 3.) But those risks have 
increased enormously as the trade in raw wood prod- 
ucts continues to grow, both in volume and in the num- 
ber of trade routes involved. From 1970 to 1994, the 
most recent year for which figures are available, export 
volumes of raw logs increased 21 percent (to 1 13.4 mil- 
lion cubic meters). Trade in sawnwood nearly doubled 
(to 108 million cubic meters). Among the countries 
that have substantially increased their raw log exports 
in recent years are Chile, China, Ghana, New Zealand, 
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Papua New Guinea, Russia, and the Solomon Islands. 
Bigger importers include China, South Korea, Taiwan, 
and a number of African countries.'® 

What the logs contain besides wood is anybody’s 
guess. At a conference on the dangers of raw wood 
imports in 1996, a former Oregon Department of 
Agriculmre inspector recalled opening up the hatches 
of a wood chip carrier that had just arrived from Brazil 
and watching “a cloud of insects” escape. According to 
many experts. North America would risk a disaster of 
epochal proportions if lumber companies in the U.S. 
Pacific Northwest succeed in weakening federal regula- 
tions on importing raw logs. Relaxing the regulations 
would make it easier to feed the region’s overcapacity 
sawmills, but it would also greatly increase the odds of 
hundreds of new forest pests eventually making their 
way into western North America.^® 

Some mill owners, for instance, have been promot- 
ing the idea of importing Siberian logs. (Strictly speak- 
ing, it is already legal to do this, but no company has 
found an economical way to handle the required treat- 
ment procedures, which involve debarking, heating, 
then storing the logs in sanitary conditions until ship- 
ment.) A U.S. Forest Service inventory of organisms 
associated with Siberian larch, a major timber species 
in eastern Russia, turned up 1 75 species of arthropods 
(insects and their relatives), nematodes, and fungi, 
including a Eurasian spruce bark beetle that occasion- 
ally causes outbreaks that kill millions of trees in its 
native range. If weakened regulations were to allow the 
beetle in, the results, according to the Forest Service, 
could be “as disastrous for North American spruce as 
the Dutch elm disease was to elms.”^' 

But not all biologically dirty industries are as large as 
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the forestry sector. Some relatively small industries are 
playing outsized roles as biopolluters- — ^horticulture, for 
example. (See Chapter 6.) In addition to escaped gar- 
den plants, horticulture releases a large number of 
weeds, insects, slugs, and pathogens. Historic nursery 
trade contributions to North America include the 
chesmut blight, the white pine blister rust, the balsam 
woolly adelgid (a serious pest of the eastern hemlock), 
and the beech bark disease complex.^^ 

The pet trade, the animal equivalent to horticulture, 
is another major conduit for biotic spills. The domestic 
cat, for example, is a formidable and now nearly uni- 
versal predator: wild cats appear to be a serious stress 
on bird populations in Europe and North America and 
on small mammal populations in Australia. And there 
are plenty of other pet predators out there as well. The 
reptile trade has brought Florida some 20 species of 
exotic lizards, some of which prey on native lizards. In 
Hawaii, escaped chameleons are competing with native 
birds for insects.^^ 

By far the most ecologically disruptive sector of the 
pet industry is the aquarium trade. In increasing num- 
bers, aquatic plants, snails, shrimp, fish, and various 
other denizens of hobby aquariums are finding their 
way into natural waters. Some escape from breeding 
facilities; others are offered their freedom by soft-heart- 
ed but misguided owners who have tired of their 
charges. The consequences in some cases have been 
dreadful. Hydrilla, a popular aquarium plant firom 
South Asia, escaped firom a culture facility in Florida in 
the early 1950s and is now a premier aquatic weed 
throughout the Southeast, as well as on much of the 
West Coast. Hydrilla is clogging more than 40 percent 
of Florida’s rivers and lakes.^^ 
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Various species of aquarium fish — and the collection 
includes a substantial share of the world’s tropical 
freshwater fish — are rapidly approaching cosmopolitan 
stams (occurring virtually everywhere there is available 
habitat). Such standard ornamentals as guppies and 
swordtails, both native to central America, can now be 
found in tropical ponds and streams all over the world, 
especially near cities. Some highly disturbed but rela- 
tively clean habitats, like the canal systems of central 
Florida or the streams on the Hawaiian island of Oahu, 
have in effect become giant natural aquaria; aquarium 
species now dominate. 

Healthy aquarium fish command a good price, and 
efficient transport makes it possible to sell to distant 
markets, so breeders have set up shop throughout the 
warm regions of the world. If it is beautiful and breeds 
easily, it has a good chance of making a new life in 
India, Malaysia, Thailand, the southeastern United 
States, and various places in between. Of those exotic 
fish species established in the United States that are 
completely foreign to the country, about 65 percent 
arrived through the aquarium trade. And new ones are 
establishing themselves all the time. At the time of writ- 
ing, the latest addition is an Asian eel that has taken up 
residence in ponds near the Chattahoochee River, a 
major southeastern river. Like the Asian walking catfish 
that has invaded Florida, the eel is an efficient predator 
that can breathe both air and water, and it can move 
overland firom one pool to another.^® 

The aquarium trade is spreading fish pathogens as 
well. Sanitary screening has turned up at least 42 dis- 
eases in aquarium fish intended for shipment to 
Australia. In that cotmtry and elsewhere, some of these 
pathogens have escaped into the wild; a few apparently 
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owe a nearly worldwide distribution to this industry. 

Nor is it just amateurs and their suppliers who are 
responsible for these releases; scientific aquariums 
occasionally commit such blunders as well. The most 
notorious research escape is a Pacific seaweed, 
Caulerpa taxifolia, that apparently was accidentally 
released into the Mediterranean from the Oceano- 
graphic Museum in Monaco about 1 5 years ago. Since 
then, it has turned some 3,000 hectares of the 
Mediterranean and Adriatic seafloor into what James 
Carlton, an expert on marine invasions, describes as an 
aquatic version of Astroturf.^® 

* * * * 

A great deal of biopollution cannot really be attributed 
to any particular industry. All sorts of pathways, for 
example, have unfolded through the general infrastruc- 
ture of movement. Roads and railroads carved path- 
ways for exotic weeds into forest and prairie. Canals 
have been highly efficient corridors of invasion when 
they connected bodies of water that had previously 
been distinct. 

The Erie Canal, for example, breached the 
Allegheny Divide in the U.S. Northeast, and allowed 
more than a score of fish and mollusks native to the 
Mississippi-Great Lakes basin to establish themselves 
in the Hudson River drainage. The Welland Canal 
around Niagara Falls probably admitted the sea lam- 
prey into the upper Great Lakes. (See Chapter 4.) And 
the Suez Canal, a conduit for 20 percent of world mar- 
itime traffic, rejoined the Red Sea to the Mediterranean 
in 1869, after some 20 million years of separation. Thus 
far, nearly 300 exotics are thought to have found their 
way into the Mediterranean through the Suez, includ- 
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ing the Red Sea jellyfish, which now produces mass 
summertime swarms along the sea’s eastern coast.^^ 
Ballast releases like the Leidy’s comb jelly have many 
precursors as well, although their effects now often 
seem perfectly “natural.” During the last century, 
wooden-hulled ships apparently brought a tiny, wood- 
boring crustacean (the isopod Sphaeroma terebrans) to 
the Atlantic coasts of the Americas from the Pacific. 5. 
terebrans has spread throughout Atlantic mangrove 
communities — the fringe of stilt-rooted trees common 
along tropical and warm temperate shores and essential 
for maintaining the wildlife value of those ecosystems. 
The isopod attacks and kills mangrove root tips, there- 
by controlling the trees’ seaward spread. In the words 
of James Carlton, who discovered the invasion, 5. tere- 
brans has “virtually ‘reset’ the seaward history” of the 
western Atlantic’s mangrove ecosystems. But apparent- 
ly it took a century or so for anyone to notice. 

In Europe, a fungal pathogen of North American 
crayfish was accidentally released into Italian waters 
arotmd 1860 and is inexorably erasing the native cray- 
fish from that continent. Probably very few Europeans 
know that most of the cra 3 ffish in their streams are exot- 
ic North American species, introduced because they 
are resistant to the fungus.^* 

But as with particular industries, the invasion poten- 
tial of the trading network has been expanding radical- 
ly in several dimensions at once. In terms of volume, 
speed, trade routes, and the variety of organisms 
involved, the modern trading system dwarfs anything 
previous eras have seen. Take volume first: at the turn 
of the century, a substantial ship might have a capacity 
of 3,000 tons; by World War II, 10,000-ton ships were 
common; today, ships are often 150,000-250,000 tons, 
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and the largest vessels exceed 600,000 tons. The sheer 
increase in size may help explain why ballast water 
invasions seem to have gone from a dribble to a torrent 
somewhere in the 1970s or early 1980s.^- 

For many types of organisms, greater speed may be 
more important than greater volume, since the shorter 
the time in transit, the higher the odds of survival. For 
ships, the quantum leap in speed actually occurred in 
the latter half of the last century. In 1851, the William 
T. Coleman California Line was billing its Syren — 
“The A 1 Extreme Clipper Ship” — as capable of sailing 
from San Francisco to Boston (via Cape Horn) in 100 
days, and from Calcutta to Boston in 96 days. It would 
have taken the Syren four to six weeks to cross the 
Atlantic. The transition from sail to steam cut that time 
in half. By the time Eugene Schieffelin’s starlings 
shipped out in 1890, steamers were crossing the 
Atlantic in only two weeks — considerably better odds 
for even a hardy land bird like the starling. Land trans- 
portation underwent a revolution at about the same 
time. By the 1870s, North America had been girded by 
rail and it was possible to travel from one coast to the 
other in a couple of days. That kind of speed, along 
with the ubiquitous water towers that were an essential 
part of transportation infrastructure in the steam age, 
gave a tremendous boost to fish introductions.^^ 

Air traffic, of course, represents another quantum 
leap in speed, and air cargo is a rapidly expanding sec- 
tor in the trade network. Air cargo traffic is growing at 
about 7 percent a year (in terms of ton-kilometers). In 
1989, only 3 airports received more than a million tons 
of cargo; by 1996, that number had risen to 13. Many 
organisms that would die or be detected during a ship- 
board crossing can travel easily by air, including human 
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pathogens (as discussed later). Anyone infected with 
cholera who boarded the Syren in Calcutta would be 
very sick long before reaching Boston. But cholera and 
many other diseases are bound to be undetected fre- 
quent fliers on dozens of air routes.^^ 

The types of pathways within the trading system are 
changing as well. Older pathways have narrowed or dis- 
appeared, while new ones have sprung into existence. 
Some of the most important changes involve ship 
design. In the days of sail, for example, there were no 
ballast tanks. Ships were ballasted with tons of dirt, 
stones, and chunks of iron laboriously shoveled in and 
out of their holds. Portside “ballast heaps” became 
home to all sorts of exotic plants, earthworms, beetles, 
and other small denizens of the soil. And the wooden 
hulls themselves had enormous biological potential. 
Seaweeds and barnacles anchored themselves to the 
hulls; fish, shrimp, crabs, and other little animals took 
up residence among them. The resultant fouling com- 
munities, teeming with all sorts of life, could be more 
than a meter thick. Specialized boring mollusks called 
shipworms chewed directly into the hulls. Their contin- 
ual gnawing opened up little caverns that became home 
to other travelers.^^ 

Today, solid ballast is a thing of the past, and hull- 
fouling communities are much sparser, thanks to toxic 
antifouling paints, high speeds, and port times often 
measured in hours instead of months. But inside a ship, 
there is still plenty of room for stowaways in bilges, sea 
chests (the ports leading to the ballast tanks), nets, 
chain lockers — and in some places an ancient mariner 
would never dream of. In the U.S. Pacific Northwest, a 
series of portside infestations of the Asian strain of the 
gypsy moth were detected in 1991 and apparently elim- 
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mated during the following year. (Thus far, only the 
European strain of the moth has established itself in 
North America; the Asian strain is more mobile and 
therefore much more dangerous.) The pathway, it 
turned out, was the lighting aboard grain carriers com- 
ing in from East Asia. The ships’ lamps produced light 
of a wavelength that strongly attracted the moths, and 
the fast crossing times — so important in reducing hull 
fouling — Whelped insure the moths’ safe arrival.^* 
Another major leap in invasion potential involves con- 
tainers, those big metal boxes that have revolutionized 
the freight industry during the past couple of decades. 
Containers are nearly ubiquitous: they move by ship, 
rail, and road. They can be stacked for weeks or even 
months in ports or railyards, allowing plenty of time for 
pests to enter. They offer a safe haven to anything that 
manages to get inside, since they are very difficult to 
inspect. They are rarely cleaned between shipments, and 
they may not be unpacked until they are hundreds of 
miles from their ports of entry. Containers have inte- 
grated sea and land transit. They have broken the old 
link between shipborne exotic and portside invasion.^’ 
The overwhelming share of world shipping volume is 
in bulk commodities, like grain or oil. Materials of this 
sort cannot be containerized, but almost everything 
else can be. And increasingly it is. In 1995, the most 
recent year for which figures were available, world con- 
tainer traffic had reached 135 million twenty-foot 
equivalent units (because containers come in several 
sizes, total volume is measured by an abstract unit 
rather than by the absolute number of containers). As 
a share of total shipping volume, container traffic is 
growing steadily; it rose from a mere 1.6 percent in 
1980 to 6.4 percent by the end of 1996 — a fourfold 
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increase. And the container is becoming a major means 
of linking developing-world economies with their 
industrialized trading partners: by 1996, slightly more 
than half of world container volume was passing 
through the ports of developing countries.^® 

Containers have been identified as significant path- 
ways for insects, weed seeds, slugs, and snails. Probably 
the most dangerous exotic known to be using this path- 
way is the Asian tiger mosquito. For decades, this mos- 
quito had been a common pest throughout much of the 
Indo-Pacific region, from Madagascar all the way to 
Hawaii. Then in the mid-1980s, it embarked on its ver- 
sion of world conquest, largely by riding in container- 
loads of used tires. A tire with a little water in it is ideal 
mosquito habitat, and millions of used tires are traded 
internationally every year — some to make recycled rub- 
ber products or asphalt, but most as fuel for power 
plants, cement kilns, and so forth. 

The Asian tiger mosquito is currently known to have 
established itself throughout the southeastern United 
States, Brazil, southern Europe, South Africa, Nigeria, 
New Zealand, and Australia. It is an extremely aggres- 
sive biting pest. In Asia, it is a major vector of dengue 
fever, an excruciating disease that gets its common 
name — break-bone fever — from the pain it inflicts. 
Dengue infects about 560,000 people each year and 
kills 23,000. The mosquito can carry at least 17 other 
viral diseases, including various forms of encephalitis 
and yellow fever. It may have been a factor in the 1986 
yellow fever epidemic in Rio de Janeiro, in which about 
1 million people were infected. In 1 99 1 , it was discov- 
ered in the midst of a yellow fever outbreak in Nigeria. 
Around the same time, it was a suspected vector in sev- 
eral encephalitis epidemics in Florida.'*'® 
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Researchers fear that the continued spread of the 
mosquito could substantially increase the disease bur- 
den of both the industrial and the developing world. 
Even where the diseases it carries are already well 
established, its arrival could be trouble. In the 
Caribbean, for example, dengue fever is primarily a dis- 
ease of the cities because the virus still lacks an efficient 
rural vector — a role this mosquito could readily play.^’ 
Because the world trading system is so large and 
complex, the pathways within it are in a continual state 
of flux. Like vessels in some sort of global capillary net- 
work, they are constantly growing and constantly dis- 
solving, only to rebuild themselves elsewhere. As devel- 
oping countries, for example, trade increasingly among 
themselves, it is likely that whole new sets of pathways 
will open up — ^between India and Africa, for example, 
or Latin America and Southeast Asia. The geographical 
shifting, along with the complexity of the pathways 
themselves, gives the “ecology” of the world trading sys- 
tem a kind of demented complexity, like a Rube 
Goldberg drawing. Who would have thought, prior to 
the early 1980s, that rubber recycling would be instru- 
mental in spreading a mosquito? Or that manufacturers 
of a certain kind of light were unwittingly increasing the 
pest risks to North American coniferous forest?^- 
In terms of immediate social effect, the most impor- 
tant set of pathways involves the growing movement of 
humanity itself, which is increasingly stirring the 
world’s human pathogens into a single, integrated, 
microbial system. No previous era has experienced 
such an uproar of human movement. Every week, 
about 1 million people move between the industrial 
and the developing worlds; every day, about 2 million 
people cross an international border. 
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Travel and tourism is now probably the world’s 
biggest industry in terms of its annual receipts, which 
amount to more than $3.4 trillion. World air passenger 
the best single indicator of long-distance trav- 
el— is increasing at about 6 percent per year. By 2000, 
the civilian world air fleet will be moving more than 1.7 
billion passengers annually, 522 million of them on 
international flights. People infected with serious com- 
municable diseases are presumably moving through 
this system all the time. Doubtless, many of them have 
no idea they are infected. In the United States, for 
example, there are about 1,000 new cases of malaria 
every year, and nearly all the victims apparently pick up 
the disease while traveling.^^ 

Permanent migration, like tourism, has reached 
unprecedented levels. Every year, some 110 million 
people immigrate to another country. In addition to 
these “standard” immigrants, the stream of interna- 
tional refugees and internally displaced persons has 
increased almost every year since the end of World War 
II. Since the beginning of this decade alone, their num- 
ber has grown by more than 7 5 percent, from about 30 
to 53 million. Many of these people end up in camps or 
shantytowns that are among the world’s most miserable 
and disease-ridden places.^® 

In general, the world we are traveling through seems 
to be getting sicker. During the past two decades, some 
30 new diseases have emerged — diseases like AIDS, 
Ebola, and the “flesh-eating” streptococcus. At the 
same time, several of humanity’s oldest and deadliest 
scourges — malaria, cholera, and tuberculosis, for 
example — may be gathering strength.'*® 

This resurgence of infectious disease is driven by a 
complex of environmental and social forces. 
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Waterborne diseases like cholera lurk in the open, 
untreated sewers used by some 1.7 billion people, 
mostly in the rapidly growing slums of Third World 
cities. Other pathogens are spreading because their vec- 
tors are on the move — creatures like the Asian tiger 
mosquito. And a growing number of pathogens — all 
three of the ancient diseases just mentioned, for exam- 
ple — have evolved drug-resistant strains. (Another rea- 
son for the resurgence, however, may be the fact that 
some 2.5 billion people, about 40 percent of the global 
population, do not have access to essential drugs at all.) 
Infectious diseases kill about 16.4 million people every 
year — about a third of all human mortality."*’ 

Human movement is the common denominator with- 
in much of this complex: it makes every local misery a 
global concern. Take the mosquito-vectored disease yel- 
low fever, for example. Yellow fever has two strongholds: 
the forests of Latin America and the west African coun- 
tryside. In 1992, for the first time in a quarter-century, 
the African reservoir of the disease reached east, into 
Kenya. Many experts fear that the Kenyan epidemic is 
the beginning of a new conquest. Kenya is a favorite 
destination for Indian emigrants; there is, consequently, 
a considerable amount of air traffic between the two 
countries. Yellow fever is not yet present in Asia, and the 
Indian population is wholly unvaccinated against it. 
Some experts regard an Indian epidemic as all but 
inevitable — especially since another favorite destination 
of Indian emigrants is Latin America.^® 

Travel not only spreads diseases, it can intensify 
them. It used to be, for example, that on any particular 
Caribbean island there was only one t5ipe of dengue 
fever, but travel and trade are mixing the forms of the 
disease. Infection with multiple strains of dengue pro- 
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duces dengue hemorrhagic fever (DHF), a condition 
that is far more likely to be fatal than ordinary dengue. 
Globally, the incidence of DHF has increased nearly 
10-fold, to 260,000 cases per year, since 1986. Such 
overlapping infections may open up whole new dimen- 
sions of public ill health. One reason AIDS kills much 
faster in Africa than it does elsewhere may be that so 
many of its African victims are also infected with 
malaria. Malaria (another mosquito-borne disease) 
already infects 225 million people a year and kills 2 
million of them. Perhaps one side effect of its resur- 
gence will be an increase in the death toll from AIDS.^® 

Medieval Arabian scholars were able to map the path of 
the Black Death: from its origin in the central Asian 
steppes, it followed the trade routes overland to the 
Crimea, then sailed to Byzantium and the great cities 
of the eastern Mediterranean. Those chroniclers were 
watching a particularly horrible form of biotic mixing 
on a continental level. At the end of the fifteenth cen- 
tury, the Age of Discovery opened, and the biotic tur- 
moil began to unfold on a global level, as the European 
biota spilled out over much of the Earth. Gradually, 
during the following centuries, various creatures from 
other regions were pulled into the flux — South 
American potatoes, Australian eucalypts. North 
American salmonids. Today, we have inaugurated a 
new era of ecological chaos. There is no longer any sin- 
gle predominating current, nor is there any type of 
organism that we can say with assurance is exempt 
firom movement. Just about anything could be trans- 
ported anywhere. Who will be able to map the plagues 
of the next millennium? 



8 


Economic Invasions 


During the summer, some of the wetlands in the U.S. 
Northeast are cloaked in brilliant purple bloom. It is a 
spectacular sight, and could easily be mistaken for a 
perfectly natural one. But this ornament of the marsh- 
es is purple loosestrife, an aggressive Eurasian plant 
that can overrun a North American wetland and reduce 
its wildlife value to roughly that of a parking lot. If you 
know what the plant is, there is a good chance you will 
notice the marsh is missing its waterfowl; if you do not 
know, you may just enjoy the view. It is possible to look 
right in the face of a monstrous change and not see it — 
if the monster does not fit into your way of seeing. 

In 1993, the Office of Technology Assessment 
(OTA), a research branch of the U.S. Congress, issued 
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a report on exotics in the United States. The report 
contained a kind of baseline estimate of the economic 
damage done by 79 major invasions into the country 
during the course of this century: $97 billion. And 
since that figure only includes losses that OTA was able 
to document, it is probably just a small fraction of the 
losses actually inflicted. Yet despite their magnitude, the 
costs of invasion remain largely invisible. The damage 
is real enough, but most of it is concealed by the loose- 
strife factor; invasion is not a conceptual category that 
figures in economic analysis. Even among economists 
concerned specifically with environmental problems, 
exotics rarely get any attention.' 

Because invasion has yet to be comprehensively 
studied as an economic process, there is little in the 
way of hard data to fill this hole in our vision. But we 
know enough about the general workings of invasion to 
identify the parts of our social machinery that are most 
vulnerable to exotics. And one of the weakest spots lies 
in the economy’s “monoculture syndrome.” 

In any kind of ecosystem, natural or artificial, the 
closer you get to a monoculture — a system dominated 
by a single species or variety — the less stable the system 
is likely to be. Any pest that succeeds in attacking the 
dominant organism stands a good chance of overrun- 
ning the entire terrain. That, of course, is why conven- 
tional industrial agriculture is so vulnerable to pests: 
monoculture is almost always the objective in large- 
scale farming. And since so many exotic pests are 
abroad in the agricultural landscape, invasion obvious- 
ly accounts for a good deal of agriculture’s pest losses. 

But figuring out exactly how much is usually a mat- 
ter of loose conjecture. OTA, for example, produced a 
rough estimate of damage that exotic weeds are doing to 
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U.S. agriculture. By a very conservative reckoning, U.S. 
crop losses attributable to weeds run to $4.1 billion 
annually. Since 50-75 percent of the country’s major 
crop weeds are exotic, their share of the bill would 
appear to be roughly $2-3 billion. Add in a correspond- 
ing percentage of total farm herbicide costs, and agri- 
cultural losses to exotic weeds in the United States 
would seem to lie somewhere between $3.6 billion and 
$5.4 billion annually. (Incidentally, losses to weeds, fre- 
quently the largest category of agricultural losses, are 
not included in that OTA $97-billion estimate.)^ 

What if this approach were carried to its logical 
extreme? The total value of the world’s eight most eco- 
nomically important crops is roughly $580 billion. 
Pests may claim as much as 42 percent of the 3 deld, or 
$244 billion. Factor in annual global pesticide expen- 
ditures ($31 billion), and the bill climbs to $275 bil- 
lion. The percentage of all types of pests that is exotic 
varies widely from one agroecosystem to the next: it 
might range from 20 percent to 90 percent. Losses to 
exotics, in this analysis, would therefore lie between 
$55 billion and $247.5 billion.^ 

There are some important caveats to this kind of 
assessment. First, even if exotic pests were to disappear 
entirely, a substantial portion of the losses currently 
attributed to them would remain, because native pest 
populations would expand in the absence of exotic 
competition. Second, there is no certain correspon- 
dence between the percentage of pest species that is 
exotic and the percentage of damage actually done by 
exotics because a large share of losses is often the work 
of only a few species. When the main culprits are exot- 
ic, then the true share of exotic damage may be far 
higher than a percentage estimate would suggest; when 
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they are not, it may be much lower. Third, this 
approach does not capture “collateral damage” — eco- 
logical degradation that is of no immediate relevance to 
agricultural production. 

Even so, it is clear that the damage exotics inflict on 
the monocultural landscape is enormous, and the sys- 
tem’s vulnerability is growing in several dimensions at 
once. There is, first of all, the basic problem of new 
pests coming into the system and old ones moving into 
new areas. If the Mediterranean fruit fly, for example, 
were to establish itself permanently in the continental 
United States, it could cost U.S. agriculture $1.5 bil- 
lion annually. Then there is the pesticide resistance 
problem, which is also now imposing formidable loss- 
es. A resistant strain of bollworm, for instance, forced 
China’s cotton yield down by a third from 1991 to 
1993, a blow from which the country’s cotton sector 
has yet to recover fully.^ 

And eventually tlie costs of genetic erosion (through 
the loss of traditional crop varieties, or landraces) may 
also begin to bite. In the late 1980s, the Russian wheat 
aphid devastated U.S. wheat and barley fields. The 
United States owes its current wheat production to a 
breeding program that used genes from Middle 
Eastern wheat strains resistant to the aphid because 
they are evolving with it. Sooner or later, the aphid is 
likely to overcome the resistance locked into the cur- 
rent U.S. varieties. If those landraces have disappeared 
by that time, then the U.S. wheat crop could be in seri- 
ous trouble. (These trends are covered in more detail in 
Chapter 2.)^ 

The best way to reduce pest pressure, according to 
most advocates of sustainable agriculture, is to build 
greater diversity into agro-ecosystems. More crops 
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growing in a field — or even more kinds of a single 
crop — mean that no particular pest is likely to be able 
to eat the whole field. The result should be a more 
resilient system, and one that requires less in the way of 
pesticides. 

But the big money in commercial agriculture does 
not, by and large, appear to be weighing in on the side 
of diversity. Instead, agribusiness seems to be looking 
primarily for ways to extend its conventional reliance 
on pesticides, as for instance by engineering herbicide- 
tolerant crops. Take the agribusiness giant Monsanto, 
which leads the field in the development of transgenic 
crops. Monsanto has engineered varieties of rape (an 
oilseed crop), corn, cotton, and soybean for tolerance 
to its top-selling weed killer. Roundup (glyphosate). By 
1997, Monsanto had nearly 7.9 million hectares in 
North America, Argentina, and Australia planted in 
transgenic crops designed for such traits as herbicide 
tolerance or production of the Bacillus thuringiensis 
toxin (a natural insecticide; see Chapter 2). Projected 
plantings for 1998 were in the range of 20 million 
hectares.® 

There is nothing inherently wrong with genetically 
engineered crops — often biotech simply functions as a 
way of speeding up what conventional breeders do. 
Some scientists even make an environmental case for 
herbicide-tolerant crops: such varieties may, for exam- 
ple, permit greater use of “no till” agriculture, a form of 
farming without plowing that greatly reduces topsoil 
erosion, another critical agricultural problem. 
(Plowing, the usual way of breaking up weeds, can 
cause a great deal of erosion, so the idea is to substitute 
herbicide for the plow.) But whatever their other 
virtues, herbicide-tolerant crops are unlikely to supply a 
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remedy for agriculture’s massive chemical dependency.'^ 

The monoculture syndrome is not limited to agri- 
culture. Exotic tree plantations are also attracting more 
and more pests. The extreme case is Uruguay^ which 
had to abandon its exotic Monterey pine plantations 
entirely because of an exotic pest complex. (See 
Chapter 3.)® 

Aquaculture, too, has some degree of monoculture 
vulnerability. The worst case is the $8 -billion shrimp 
farming industry, which is active in more than 50 coun- 
tries, mainly in southern Asia and Latin America. 
During the past decade or so, a host of extremely viru- 
lent pathogens have been circulating through shrimp 
operations all over the world. Taiwan used to be the 
world leader in shrimp production, until it lost 80 per- 
cent of its harvest to a viral outbreak in 1987. By 1993 
China was the world’s biggest shrimp producer, but the 
country lost virtually all its production during the 
course of a few days in June of that year to an epidem- 
ic complex of viruses, bacteria, and protozoa. At about 
the same time, an epidemic cost Ecuador’s shrimp 
industry $200 million. India’s industry crashed in 
1994, when an unidentified disease wiped out $63.8 
million worth of shrimp in Andhra Pradesh and Tamil 
Nadu. A year later, outbreaks were wiping out ponds in 
Central America and Texas.^ 

But the costs to the industries that work most close- 
ly with nature are not confined to monoculture con- 
texts. Even in more-or-less natural environments, such 
industries sometimes suffer major losses to exotic 
pests. The Leidy’s comb jelly, for example, is thought to 
have cost Black Sea fisheries $30 million a year direct- 
ly (see Chapter 7) and is the critical factor in a crisis 
that has deprived some 2 million people of their liveli- 
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hood, either in the fishing fleets or in the businesses 
that served them. Cumulative direct losses to the inva- 
sion are now probably in excess of $350 million. 

A terrestrial analogue to the overfished and polluted 
Black Sea might be the overstressed forests of the 
United States, where exotic pest damage may amount 
to $4 billion annually. The chestnut blight may have 
been the region’s most costly forest pest, but too many 
years have passed since the beginning of the epidemic 
to quantify its effects with any precision. In terms of 
current measurable effect, the gypsy moth is a better 
example of the problem. U.S. Forest Service expendi- 
tures for controlling this pest currently average around 
$7 million annually. The most severe outbreak of the 
moth, in 1981, is estimated to have done $764 million 
in damage.^' 


Invasions impose some of their biggest costs not in the 
natural world but right in the heart of the economic 
machine — the pipes, foundations, cables, and other 
pieces of the “built environment” that collectively make 
the social world a place distinct from the natural world. 
Artificial structure is where those two worlds joinj it is 
how society rests itself on the soil and the water, amidst 
the weather and the ebb and flow of other living things. 
But that joint is sound only when things on either side 
remain within their established rhythms. When an exot- 
ic changes the ecological ground rules, cracks may 
begin to form. 

The power lines on the island of Guam, for example, 
were not designed with the presence of the fast-breed- 
ing, arboreal brown tree snake in mind. (See Chapter 
5.) The snakes find the power poles and wires irre- 
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sistible; they are continually climbing them;» shorting 
out the system^ and frying themselves in the process. 
An outage can cost the Guam Power Authority thou- 
sands of dollars in burned-out equipment and repairs^ 
and the utility’s losses are presumably dwarfed by pri- 
vate-sector costSj not just in equipment failures but in 
ruined refrigerated goods^ lost productivity^ and so on. 
Similarly, the housing developments of Hawaii did not 
anticipate the appetite of the Formosan termite, which 
causes nearly $150 million in damage annually to pri- 
vate homeowners — or six times total government fund- 
ing for pest control on the islands. (This termite is now 
spreading through the southern United States as well; 
in California, it may eventually cause losses equivalent 
to 1 percent of the total value of wooden structures 
throughout the state.) 

One of the worst exotic “fractures” is extending 
through the lakes and rivers of North America, where 
intake pipes, navigation locks, and other pieces of 
aquatic infrastructure are being fouled by exotic shell- 
fish, especially the zebra mussel. (See Chapter 4.) 
Originally from the Caspian Sea region, the zebra mus- 
sel spread throughout much of Europe before the 
Industrial Revolution. A good deal of European infra- 
structure therefore grew up with it. But North 
American waterworks did not; they lack the deeper 
intakes, sand filters, and other features that help reduce 
this type of fouling. 

That vulnerability, combined with the mussel’s 
explosive invasion, has created an acute hardening of 
industrial arteries, especially in the Great Lakes region. 
The mussels can plug small intakes completely and 
reduce the effective diameter of giant ones by more 
than two thirds. Downtime, retrofitting, poisoning the 
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mussels with chlorine^, scraping them out of the pipes^ 
or blasting them out with high-pressure hoses — the 
costs of mussel control are beginning to add up. In the 
Great Lakes region alone^ documented cumulative 
losses to major users of untreated water had passed 
$120 million by the end of 1994. Power plants have 
been hardest hitj because they need so much water for 
cooling — in some cases more than 2 billion gallons per 
day. The most vulnerable of all are nuclear plants^ 
where cooling is a safety issue of the highest order. At 
least 1 2 North American nuclear plants are infested by 
mussels; the cost of mussel control at a nuclear plant 
averages $825^000 a year.^^ 

Retrofitting will eventually reduce these expendi- 
tures but it will never eliminate them entirely. And 
these are only the costs to major users; the costs to all 
users^ from individual boat owners to municipal water 
authorities, would be far higher. Estimates vary widely, 
but a representative range for cumulative costs in the 
near term — say, by the year 2000 — would be $3.1 bil- 
lion to $5 billion. 

Exotic plants are plugging up infrastructure as well. 
Water hyacinth has overgrown dams in Zimbabwe, 
sometimes backing up enough water to burst them. 
Occasionally, it threatens Uganda’s main generating 
station at Owens Falls. (See Chapter 4.) And what 
water hyacinth is doing on the surface of the water, 
hydrilla is doing below. This escaped aquarium plant is 
clogging generating stations, municipal water supplies, 
and harbors in the U.S. Southeast. In 1994, Florida’s 
heavily infested Kissimmee River flooded when mats of 
hydrilla blocked the drainages into adjoining lakes. 

The U.S. West Coast has a serious hydrilla problem 
too. The same year it caused the Kissimmee to flood. 
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hydrilla was found in California’s Clear Lake, part of 
the Sacramento River drainage and a major link in the 
state’s irrigation system. The annual hydrilla-fighting 
budget went from about $600,000 to $1.9 million, 
since this is not a battle the state can afford to lose. 
California’s hydrilla control effort is now essential to 
maintaining the state’s $22-billion agricultural sector. 
Aggressive, widespread aquatic weeds like these are 
undoubtedly adding to the cost of managing water in 
many parts of the world. No definitive estimates are 
available, but losses in the United States alone are 
thought to run into billions of dollars annually. 

Plant invasions raise the cost of water in another way 
as well: by pumping large quantities of it into the air. A 
thick infestation of water hyacinth, for example, can 
drop the level of a lake substantially as the plants, in 
effect, drink in the lake and breathe it out through their 
leaves. A hyacinth infestation has so greatly reduced the 
area of a major lake in southern China — Lake Dianchi, 
near the city of Kunming — that the local climate has 
grown noticeably more arid. (The infestation has 
apparently also eliminated 38 of the lake’s 68 fish 
species.) In regions that are already arid, the problem 
can be far worse. Exotic pine and acacia inva din g 
South Africa’s Western Cape Province are threatening 
the water supply of Cape Town. One recent study 
found that if left unmanaged, the invasion could cut 
Cape Town’s water supply by about a third during the 
course of a century.'® 

Something like that may already have happened in 
the U.S. Southwest, where dense thickets of Asian 
saltcedars line rivers and reservoirs. Saltcedars are 
prodigiously thirsty. One good-sized tree can take in 
200 gallons of water a day — ^enough to run a modest 
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U.S. household. Saltcedar covers more than 400,000 
hectares of the region and may now absorb a greater 
quantity of water than is used by all the cities of south- 
ern California combined, including Los Angeles.*® 

The most spectacular destruction that exotics visit 
upon the built environment involves fire-adapted vege- 
tation. (See the discussion of cheat grass in Chapter 2.) 
In areas with rapid natural fire cycles, housing develop- 
ments are always a serious social gamble, but housing 
developments planted with incendiary vegetation are 
the social equivalent of smoking next to the gas pump. 

Eucalypts are favorite ornamentals in California, and 
it is no secret that eucalypts burn vigorously. The 1923 
fire in the city of Berkeley, across the bay from San 
Francisco, burned nearly half the city and was fed in 
part by eucalypts. So was the 1970 fire, after which city 
authorities recommended cutting the eucalypts, a sug- 
gestion that was largely ignored. In 1992, after five 
years of drought, the city burned again. The fire con- 
sumed nearly 690 hectares, 3,500 houses, and killed 25 
people. Total damage ran to $5 billion. According to 
one study, eucalypts contributed 70 percent of the 
energy released from the vegetation that burned. In the 
wake of the fire, authorities developed new regulations 
on the planting of eucalypts and other fire-adapted 
plants. But once again, the regulations are being large- 
ly ignored.^® 

South Florida has the makings of a similar crisis, 
involving another Australian tree, the melaleuca. (See 
Chapter 1.) The melaleuca was introduced into the 
region around the turn of the century as an ornamen- 
tal, and in the hope of turning the Everglades into tim- 
ber-producing forest. Now that the Everglades are a 
celebrated natural area, the melaleuca has come to be 
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regarded as the tree from hell. It doesn’t so much burn 
as explode — its leaves are laced with flammable chem- 
icals and its layers of papery outer bark are tinder dry. 
After a fire^ which does not usually kill it^ the tree rains 
millions of seeds onto the burnt-over land. A seedling 
can reach 2 meters in its first year.-^ 

Florida’s worst melaleuca fire occurred in 1985^ 
around the city of Miami. The 58th Street fire burned 
for 35 days^ consumed 3^530 hectares^ and blanketed 
the state’s southeast coast with the thicks oily smoke 
that is another of the melaleuca’s trademarks. The 
smoke coated electrical lines^ causing them to arc; 
transformers exploded. There were hundreds of traffic 
accidents. In South Florida’s heavily populated Dade 
and Broward counties^ suburbia is rapidly invading 
areas already thoroughly invaded by melaleuca. The 
collision between suburban homeowner and pyrotech- 
nic tree is likely to be continual and expensive.-^ 

★ ★ ★ ★ 

Perhaps the biggest social cost that exotics can exact is 
in the spread of disease. The continual movement of 
pathogens and their vectors may create a cumulative 
systemic stress analogous to the invasion pressure on 
agriculture. Latin America probably provides the best 
current illustration of the risk. In 199L epidemic 
cholera returned to the Americas^, likely via ships’ bal- 
last. (See Chapter 7.) Peru^ which suffered the brunt of 
the epidemic^ lost more than $1 billion in exports of 
seafood potentially contaminated with the disease and 
in tourist revenues. During the next four years Latin 
American governments spent more than $200 billion in 
emergency repairs to sewage and drinking water sys- 
tems as they struggled to stem the epidemic. 
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Cholera has been joined by another old scourge: the 
yellow fever mosquito, originally from Africa but a well- 
established pest throughout the tropical and warm- 
temperate regions. In the Americas, the mosquito has 
been the target of eradication campaigns for most of 
this century. That effort achieved its greatest success 
under the Pan American Health Organization in the 
early 1960s, when authorities thought they had cleared 
the mosquito from most of the hemisphere. But pro- 
gram funding dried up in the following decade, and the 
mosquito is now back with a vengeance. It has returned 
to all 21 countries from which it was ostensibly ban- 
ished. Most of the hemisphere’s tropical cities are now 
reinfested.-^ 

In the Americas, this mosquito is the principal vec- 
tor for dengue fever, and since the mid-1980s rates of 
dengue infection in Latin America have increased 10- 
fold. As its common name suggests, it is also the main 
vector for yellow fever (in urban settings), and its 
return makes the possibility of a major yellow fever epi- 
demic higher than it has been in more than 50 years. 
Adding to the danger is the arrival of the Asian tiger 
mosquito, which can also carry both diseases. The 
Asian tiger mosquito is not likely to be as easily sup- 
pressed as its African counterpart was, because it is 
much more adaptable in its choice of breeding sites.^^ 

In addition to the appalling medical crisis, a resur- 
gence of cholera, dengue, and yellow fever would 
impose a crippling financial burden on the region. 
Overlapping epidemics would create substantial 
increases in the demand for emergency medical care, 
water infrastructure repair, and mosquito control. 
(Full-bore mosquito control can be expensive: a single 
county in South Florida, Lee Cotmty, spends $9 mil- 
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lion a year on it.) At the same time, the epidemics 
would likely force a substantial decline in two major 
sources of foreign exchange: food exports (both fishery 
and agricultural) and tourism.^® 

★ ★ ★ ★ 

It is not generally useful to blame the patient for the 
disease^ but the global economy is not a passive victim 
of the exotics that infest it. Mosquitoes and weeds are 
not created by the economy^ but the economy is behind 
most of the damage that they are doing. And certain 
kinds of economic behavior continue to set the system 
up for additional invasion pressure. 

There is^ for examplOj a tendency to allow managed 
invasions to function as a means of redistributing 
wealth — from an asset held by the general public to the 
coffers of a particular industry that may profit from the 
exotic^ at least in the short term. Even in agriculture^ 
where the widespread use of exotic crops is essential^ 
this kind of imbalance occurs^ although it has not been 
well studied. 

One of the few attempts to quantify the problem is a 
1994 survey of Australian forage plant introductions. 
Of the 466 species included in the study^ only 21 
turned out to have some actual merit for the livestock 
industry; 60 were definitely invading rangeland — 
including 17 of the 21 potentially useful plants. Only 4 
of the introductions were beneficial and noninvasive. 
The ranching industry garners some marginal profit 
from these introductions (at the rate of about $2 per 
hectare) 3 while the public picks up the substantial con- 
trol expenses (at $30-120 per hectare) 

Who collects the profits and who bears the costs? 
Many industries that deploy exotics invite that struc- 
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tural question. Take Lake Victoria, where a local fishing 
economy — overexploitative though it was — has been 
replaced by the Nile perch fishery, which is designed 
primarily for export rather than for meeting local 
needs. (See Chapter 4.) Tropical pulp plantations have 
set off a similar dynamic in Latin America and 
Southeast Asia, where traditional forest economies 
have dissolved in the face of capital-intensive, export- 
oriented production. (See Chapter 3.) 

With shrimp farms, both the social and natural cor- 
rosion is even more intense. Shrimp operations typical- 
ly destroy coastal mangrove stands, thereby dooming 
the coastal fisheries, since mangrove roots are fish nurs- 
eries. In Asia, the farms are swallowing up rice paddies 
as well, and farmers are losing their livelihoods. A study 
in Bangladesh concluded that per unit area, shrimp 
farming employs only one tenth the number of people 
that rice growing does. Around the town of Satkhira, 
the shrimp industry was blamed for displacing 40 per- 
cent of the area’s 300,000 people.-® 

Developments like shrimp farms and pulp planta- 
tions essentially attempt to capitalize on the intense 
“peaking effect” that many invasions undergo. Before it 
hits some limit — ^the collapse of the local nutrient sup- 
ply, for example, or the arrival of its own pests — an 
exotic can sometimes divert most of the local resources 
into the business of growing itself. So in a very general 
way, a eucalyptus plantation does the same thing in 
fresh soil that the Leidy’s comb jelly does in fresh sea- 
water — except that there is money to be made off the 
eucalyptus peak. Inevitably, however, the returns will 
diminish, and the long-term damage is likely to be far 
greater than the short-term profits. 

Another invasion-prone form of economic behavior 
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emerges from the ideology of the world trading system: 
“free trade” has become a global social ideal. At pre- 
sentj there is no comprehensive international effort to 
glQ^ — or even monitor — the invasions released through 
trade^ and the power of the free trade ideal is obvious- 
ly not going to be conducive to any such efforts. In 
early 1998 the World Trade Organization^ which adju- 
dicates international trade disputes^ was considering its 
first case involving an import ban based on a formal 
pest risk assessment. Australia has banned certain 
salmon imports on the grounds that they present a dis- 
ease risk to native fish; the United States is calling the 
decision an unfair trading practice. Free trade is also 
invoked in U.S. timber companies’ objections to the 
limits on raw log imports. (See also the discussion of 
the International Plant Protection Convention in 
Chapter 9.)-^ 

Many protective measures could be susceptible to 
challenges of this sort. European nations^ for example^ 
are embargoing certain North American forest prod- 
ucts in an attempt to prevent the spread of the oak and 
pine wilt pathogens. Should these diseases arrive on the 
continent^ they could wreck many European planta- 
tions and forests. Such embargoes may grow increas- 
ingly untenable from a political point of view — even as 
they grow increasingly necessary from a biological one. 
Here^ for example^ are two incipient crises that may 
require intervention that runs counter to the current of 
free trade. 

In the Philippines^ 30-50 million palms have suc- 
cumbed to a mysterious disease known as cadung- 
cadung^ which continues to kill about a million trees a 
year. The disease takes years to kill — its name isTagalog 
for “slowly dying” — but it is thus far completely 
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unstoppable. Cadung-cadung has spread to Guam and 
perhaps to a few other islands in the Pacific. It can kill 
coconut palms, oil palms, and perhaps other palm 
species as well. If its range continues to expand, it 
would present a grave threat to any ecosystem in which 
palms are a major element, as well as to the $ 9-billion 
palm sector of the developing world’s agricultural 
economy. 

A crop disease that presents an even broader eco- 
nomic threat is the fatal leaf blight that emerged from 
the forests of Amazonia during the 1930s and wiped 
rubber plantations out of Brazil, where the rubber tree 
is native. If the blight were to reach Southeast Asia, 
where most of the world’s rubber is now grown, then 
some important connections within the global econo- 
my could snap. For hundreds of applications — espe- 
cially medical ones — there is no substitute for natural 
rubber. The rubber and palm sectors might not survive 
widespread contact with these pathogens, but will some 
future effort to prevent contagion be seen as an unfair 
trading practice?^® 

The threat from the global trading system is exacer- 
bated by a consistent and nearly universal failure of 
individual governments to spend the money necessary 
to block or control invasions within their own territo- 
ries, despite the scale of the losses inflicted. The U.S. 
federal government, for example, spends a fairly mod- 
est $150 million a year on agricultural inspection and 
quarantine. According to a recent audit, inspectors can- 
not keep up with the growing volume of incoming 
goods. The state of Florida is spending $25 million a 
year trying to chop and spray itself clear of exotic 
plants, and is nowhere near on top of the problem. 
During the past several years, for instance, Florida’s 
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hydrilla infestation has doubled in area to more than 
40:>000 hectares. And these are the invasions that are 
being fought; there are hundreds of invasions all over 
the world — from the Asian tiger mosquito to the Leidy’s 
comb jelly — that are spreading largely unopposed.^^ 

Yet there is compelling evidence that countermea- 
sures make powerful economic sense. The OTA study 
found that every dollar spent suppressing the sea lam- 
prey in the Great Lakes earns $30.25 in increased 
fisheries revenue. Preserving wetland ecosystems by 
eradicating purple loosestrife would return $27 for 
every dollar spent. And the benefits of preventing pest 
invasion from the imports of Siberian logs could yield 
a return as high as $L661 for every dollar spent. Of 
course^ such cost-benefit ratios are built on a great deal 
of conjecture — for one things we do not know how far 
we really can push exotics like the lamprey or loose- 
strife. But the figures show clearly that efforts to stem 
invasion are underfunded — not just by ecological 
standards^ but by economic standards as well.^^ 

Why aren’t the economic threats of invasion suffi- 
cient to motivate the higher spending that would 
coimter them? The obstacle here is a standard funding 
predicament that injures many environmental and 
social programs. The benefits of action^ while collec- 
tively enormous^ are very diffuse. Or they are only part- 
ly quantifiable^ or they consist largely of damage avoid- 
ed. They are not therefore likely to be visible to anyone 
who is not already following the issue closely. The 
expenses^ on the other hand^ are much smaller but are 
usually needed up front. They are visible to everyone. 

Finally, there is the environmental problem that 
could affect just about any economic trend: the 
changes in global climate likely to be provoked by emis- 
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sions of heat-trapping greenhouse gases, primarily car- 
bon dioxide released from the combustion of coal and 
oil. During the past 130 years or so, the average annu- 
al global temperature has risen from around 13.5 
degrees Celsius to around 14.4 degrees. The 1990s 
have been the hottest decade since recordkeeping 
began, and most climate scientists expect a further 
warming, in the range of 1-3.5 degrees by the year 
2100, depending on future emissions trends and how 
the Earth’s climate system reacts to them.^^ 

That may not sound like much, but even relatively 
minor temperature shifts, and the consequent changes 
in rainfall patterns, are likely to provoke myriad new 
invasions or exacerbate invasions already tmder way. 
For example, the mild, wet winters and dry summers 
that computer climate models forecast for much of the 
western United States are likely to favor two of the 
region’s worst weeds: cheat grass and Russian thistle. 
Longer growing seasons in the temperate zones would 
allow many exotic plants that are currently limited to 
asexual spread — for example, by sprouting from “run- 
ners” — to flower and set seed as well. This sexual 
reproduction would permit much more rapid adapta- 
tion and dispersal. Fast-growing, highly invasive plants 
like cheat may also be able to profit directly from the 
atmosphere’s increased carbon content: in effect, they 
could be “fertilized” by it. (All green plants “breathe” 
carbon dioxide, but different species absorb carbon at 
different rates.) Any slower-growing natives, unable to 
use carbon as quickly, would tend to lose out to the 
invaders. 

The warming waters are also likely to invite addi- 
tional invasions. For example, species that need warm 
water to breed successfully may find more room for 



Economic Invasions 


193 


themselves. Caulerpa taxifolia^ the tropical seaweed that 
is carpeting parts of the Mediterranean^ might be able 
to move into the North Atlantic. (See Chapter 7.) 
Intentionally introduced aquatic organisms could alter 
their behavior too. The Japanese oyster^ a major aqua- 
culture species^ could become a pest in waters present- 
ly too cool to allow it to breed.^^ 

Some insect populations may already be reacting to 
incipient climate change^, since insects are often 
extremely sensitive to weather patterns. In Canadian 
boreal forest^, for example^ warm years often unleash 
huge outbreaks of spruce budworm^ a native tree- 
chewing pest that has been expanding its range west- 
ward^ apparently under the influence of a warming 
trend. The population dynamic of these explosions 
is phenomenally intense: it has been estimated that a 
single budworm outbreak can produce 7^200 trillion 
individual budworms. (That’s 72 followed by 14 
zeros — well over 1.2 million times the global human 
population.) In Costa Rica^ a recent warming trend 
seems to have allowed the yellow fever mosquito to 
vault the country’s central mountain range — formerly 
too cool for it — and occupy the western half of the 
country. 

But range expansions will not be the bugs’ only 
response. Small insects and other invertebrates rou- 
tinely conspire with the climate system to create a 
ready-made invasion mechanism: they are continually 
being swept into the air and deposited hundreds of 
kilometers downwind. This phenomenon has been 
studied a few times^ usually by counting the arrivals in 
little plots on barren islands^ and then extrapolating to 
larger areas. For instance^ research on the Indonesian 
island of Krakatau (between Sumatra and Java) sug- 
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gests that as many as 50 million insects are raining 
down on that tiny piece of volcanic real estate every 
day. A steady drizzle of arthropods is a normal part of 
the planet’s meteorology. Most of the time, this insect 
rain has a negligible effect, because any particular area 
is liable to have been exposed to all the species living in 
the region many times over. But climate change may 
open up all sorts of opportunities for species that gen- 
erally die on arrival. 

In all these ways — in its monoculture mentality, in its 
failure to clean up its biopollution, in its willingness to 
profit firom the “peaking effects” of managed invasions, 
even in its pollution — the global economy is a homoge- 
nizing force. Natural forces, on the other hand, tend to 
work in the other direction — ^toward greater diversity. 
Ultimately, of course, it is the natural forces that create 
wealth. How much profit can there be in opposing them? 
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Toward an Ecologically 
Literate Society 


In 1942^ at the height of Germany’s invasion of the 
Soviet Union^ a team of German botanists took up 
arms against a small exotic plants Impatiens parviflora^ 
which they believed was displacing a native relative^ 1. 
noli-tangere^ from German forests. They did not shy 
away from the political angle: “As with the fight against 
Bolshevism, [in which] our entire occidental culture is 
at stake, so with the fight against this Mongolian invad- 
er, an essential element of this culture, namely, the 
beauty of our home forest is at stake.” A year earlier, a 
group of landscape architects had begun drafting a 
“Reich Landscape Law,” which would have banned the 
use of exotic plants in German landscapes, but Hitler’s 
government never got around to enacting it.^ 

Exotics are a policymaker’s nightmare. At first 
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glance, invasion biology can look like some sort of 
xenophobia in disguise. The situation is not improved 
by the fact that serious bioinvasions have actually been 
used to feed political paranoia — and not just among 
Nazi gardeners. A Soviet term for the Colorado potato 
beetle (see Chapter 2), was “the six-legged ambassador 
from Wall Street” — the idea being that the United 
States had deliberately introduced the pest. In the 
spring of 1997, Cuba was blaming the appearance of 
an Asian mite, a serious crop pest already widely dis- 
tributed in the Caribbean, on the United States. 
According to Cuban officials, a crop-dusting aircraft on 
a mission from the U.S. Drug Enforcement Agency 
seeded the mite over Cuba.^ 

Because the issue carries such a heavy political burden, 
the policies for countering exotics must be carefully inte- 
grated into conservation policy in general. A 
stable political mandate to deal with exotics can only 
come from a public that believes not that exotics are 
somehow “evil,” but that ecosystem integrity is worth 
preserving. WThat follows is an attempt to locate the 
opportunities for action on as many levels as possible — 
from international relations to personal actions, and from 
legal mechanisms to on-the-ground control techniques. 

Modern international agreements are a record of 
humanity’s struggle to recognize its own common 
interests, and that record clearly shows a growing envi- 
ronmental consciousness. The first treaty on an envi- 
ronmental issue seems to have been the European 
Convention Concerning the Conservation of Birds 
Useful to Agriculture, signed in Paris in 1902. Today, 
there are around 175 environmental treaties. Some of 
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these are as flatly utilitarian as that 1902 agreement, 
which aimed at preserving a valuable natural service to 
the economy, in the form of pest-eating birds. But other 
treaties are framed explicitly for the purpose of conser- 
vation. And in them, perhaps, policymakers may be 
gathering forces to make a historic leap in political 
imagination.^ 

Take, for example, the 1973 Convention on 
International Trade in Endangered Species of Wild 
Fatma and Flora (CITES), which is intended to pro- 
tect endangered species from being collected for 
export — a major threat to many rare plants and ani- 
mals. CITES was a landmark advance in conservation 
and it clearly makes good economic sense. Many 
endangered species are very valuable, which is why they 
were being traded in the first place, so it is obviously 
worth conserving them. But CITES did not grow out 
of this kind of utilitarian rationale; it is the product of a 
conservation ethic. Agreements like CITES may be the 
beginning of a global legal system that extends rights — 
at the very least, a right to existence — to other species. 
We have begun, however fitfully and imperfectly, to leg- 
islate globally on behalf of life in general.^ 

But that legislative effort will have to go far beyond 
the scope of agreements like CITES in order to deal 
effectively with bioinvasions. Essentially, CITES is 
about preventing the intentional movement of a rela- 
tively small number of clearly identified species. 
Fighting bioinvasions is about preventing the move- 
ment, intentional or unintentional, of many thousands 
of often very poorly identified species. Because of its 
breadth, the task constitutes a kind of challenge to 
prevailing assumptions that more focused concerns like 
CITES can avoid. 
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Think of it as the risk of being haunted by Nazi gar- 
deners: that kind of xenophobia is the antithesis of just 
about everything contemporary environmental legisla- 
tors would want to promote. And yet, we don’t want 
exotic plants taking over forests either. We want a world 
in which people are as free as possible to travel and to 
exchange goods and ideas. But at the same time, we 
need a world in which most other living things stay put. 
While there is no strict logical contradiction here, there 
is a kind of ideological discordance. On the interna- 
tional level, the challenge is to use the globalization of 
the international legal system — the growing power of 
its treaties and arbitration procedures — to prevent a 
kind of biological globalization. And that effort has 
barely begun. 

There is no such thing as a bioinvasion treaty, 
although any agreement with a conservation compo- 
nent could probably be construed as furnishing some 
basis for dealing with exotics. Of the treaties that con- 
nect with the problem on a general level, perhaps the 
most important is the 1992 Framework Convention on 
Climate Change, which aims to stabilize and eventual- 
ly reduce global carbon emissions — an essential step in 
staving off a probable tidal wave of new invasions that 
could be triggered by climate change. (See Chapter 8.) 
Explicit coverage of invasions, in one form or another, 
is attempted in at least 23 global or regional agree- 
ments. (See Table 9-1.) The coverage ranges from 
essentially meaningless to the rigorous approach of the 
Antarctic treaty system, which categorically excludes 
all exotics from the treaty area, except for organisms 
listed in an annex. A complete review of all 23 agree- 
ments is far beyond the scope of this book, but three 
treaties are especially important.^ 
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Table 9-1. Multilateral Treaties That Refer to Exotics^ 

Year Treaty 

1951 International Plant Protection Convention- 
1958 Convention Concerning Fishing in the Waters of the 
Danube 

1964 Agreed Measures for the Conservation of Antarctic Fauna 
and Flora 

1968 African Convention on the Conservation of Nature and 
Natural Resources 

1976 Convention on the Conservation of Nature in the South 
Pacific 

1979 Convention on the Conservation of European Wildlife 
and Natural Habitats 

1979 Convention on Migratory Species of Wild Animals 

1980 Convention on the Conservation of Antarctic Marine 
Living Resources 

1982 United Nations Convention on the Law of the Sea 
1982 Benelux Convention on Nature Conservation and 
Landscape Protection 

1985 [ASEAN Agreement on the Conservation of Nature and 
Natural Resources] 

1991 [Protocol to the Antarctic Treaty on Environmental 
Protection] 

1992 Convention on Biological Diversity 

1992 [Convention for the Conservation of the Biodiversity and 
the Protection of Wilderness Areas in Central America] 
1994 Agreement on the Preparation of a Tripartite Environ- 
mental Management Programme for Lake Victoria 
1994 [Protocol for the Implementation of the Alpine 

Convention in the Field of Nature Protection and 
Landscape] 

1994 North American Agreement on Environmental 
Cooperation (side agreement to the 1994 North 
American Free Trade Agreement) 

1995 [Agreement on the Conservation of Affican-Eurasian 
Migratory Waterbirds] 

^Does not include agreements on genetically modified organisms 
or human diseases; also excludes five protocols to the United 
Nations Environment Programme Regional Seas Conventions. 
Agreements in brackets are not yet in force. ^Included here 
because of its importance to the discussion, even though its con- 
cepmal basis is pests in general, rather than exotics specifically. 
Source: See endnote 5. 
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The 1951 International Plant Protection Con- 
vention (IPPC, as amended most recently in 1997) is 
essentially a “phytosanitary agreement,” a mechanism 
for protecting agriculture from pests that could spread 
through international trade in produce and other plant 
products. The 98 parties to the convention are sup- 
posed to maintain inspection procedures for relevant 
exports and to undertake eradication and control mea- 
sures when new infestations occur. The convention also 
provides for side-agreements, which could be negotiated 
for particular regions, pests, or forms of transport.® 
The IPPC has the makings of a much larger mission 
than crop protection: it could be extended to protect 
native, nonagricultural floras from pests abroad in the 
world trading system. This would be a “natural” exten- 
sion of the power and expertise the convention has thus 
far assembled. The parties are already required to have 
national plant protection offices, for example, and side- 
agreement provisions could readily be adapted to deal 
with a broader range of pests. Extending the IPPC 
would recreate, on a smaller scale, that leap of the 
political imagination from the purely utilitarian to a 
concern for the stewardship of life in general.’^ 

Unfortunately, however, the IPPC is at present hop- 
ping in the other direction. The recent amendments to 
the treaty were intended to bring it into conformity 
with the phytosanitary standards of the World Trade 
Organization (WTO). The WTO and other interna- 
tional trade organizations generally regard “harmoniz- 
ing” standards like these as a way of promoting free 
trade. But harmony in this case has crippled the IPPC 
as an invasion-fighting tool. Under the amended treaty, 
sanitary measures cannot be effectively preemptive: 
officials in a signatory country are not supposed to take 
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any steps that would restrict the flow of goods, in order 
to stop an incoming pest, until they have done a risk 
analysis for that particular pest. Given the thousands of 
exotics moving through the trading system, that is a 
little like deciding to fight off a military invasion by 
letting in the enemy soldiers and then polling each one 
to determine individual levels of hostility. 

This approach perpetuates the antiquated notion 
that invasions are rare exceptions to the rule rather 
than the increasingly common part of the trading rou- 
tine that they really are. In its current form, the IPPC 
looks backwards in another way as well. An organism 
can be defined as a pest only on the basis of economic 
criteria — its ecological threat is, strictly speaking, irrel- 
evant. The WTO is not generally celebrated for its envi- 
ronmental sensitivities, but the amendments to the 
IPPC have had the remarkable effect of making the 
WTO’s own sanitary agreement a more attractive envi- 
ronmental document, at least in certain respects, than 
the IPPC.® 

The 1982 United Nations Convention on the Law of 
the Sea contains an article that requires its 125 parties 
to “take all measures necessary to prevent, reduce, and 
control pollution of the marine environment resulting 
from . . . the intentional or accidental introduction of 
species, alien or new, to a particular part of the marine 
environment, which may cause significant harmful 
changes thereto.” Subsequent articles call for the devel- 
opment of procedures for preventing invasions and for 
more research on pathways and control methods. While 
the procedures envisioned in the treaty would be 
nonbinding, the basic obligation to deal with marine 
invasions, as set forth in Article 196, is hard-wired right 
into the agreement. The treaty has yet to inspire any 
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general effort to counter marine invasions, but it could 
serve as a legal basis for doing so. It may help narrow 
the gaping ballast water pathway, for example, and it 
could also prove useful for regulating certain forms of 
marine aquaculture, such as shrimp farming.® 

The treaty that offers the greatest opportunity is the 
1992 Convention on Biological Diversity (CBD), even 
though its current exotics provision is a disappoint- 
ment. Article 8(h) requires the treaty’s 172 parties to 
“[p] revent the introduction of, control or eradicate 
those alien species which threaten ecosystems, habitats 
or species,” but only “as far as possible and appropri- 
ate.” The likely effect of that qualifying clause is to 
dissolve the article into an unenforceable, pro forma 
nod to the problem. The real potential of the CBD lies 
in the precursor to the current text. The initial draft of 
the treaty, prepared by the International Union for 
Conservation of Nature and Natural Resources 
(lUCN), would have established a scientific authority 
on exotics modeled on the CITES scientific commit- 
tees, which determine which species merit protection 
under that treaty. Like CITES, the earlier CBD draff 
envisioned a listing process — an inventory of especially 
dangerous exotics that could have focused internation- 
al attention on the high-priority invasions.^® 

The spirit, if not the letter, of that earlier draff could 
be resuscitated by establishing an expert exotics panel 
as a part of the CBD process. The work of the panel 
would be to acquaint treaty secretariats (including the 
CBD secretariat), national governments, and interna- 
tional trade agencies (such as the WTO) with the like- 
ly effects of their activities on the spread of exotics. 
High-priority invasions identified by the panel could be 
singled out for more thorough independent assess- 
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ments. This process could be especially useful for 
reducing the biological pollution released by the world 
trading system. It could also be made to yield a public 
health dividend: by monitoring the movement of dis- 
ease vectors, and in some cases of the pathogens them- 
selves, the panel could help ground health policies in 
the ecology of infectious disease.” 

★ ★ ★ ★ 

Treaties are intended to be binding agreements 
between the nations that subscribe to them, but there is 
another, much larger category of diplomatic literature 
that is nonbinding. This international “soft law” 
includes plans of action or intent, like Agenda 21, the 
famous blueprint for sustainable development that 
came out of the 1992 Earth Summit in Rio de Janiero. 
Soft law also includes a voluminous collection of codes 
of conduct developed by various international agencies 
to help regulate fisheries, the forestry sector, and many 
other industries. Because soft law is insulated to some 
degree from the intense political pressures typical of 
treaty negotiations, it is somewhat less likely to be com- 
promised by political fudging. Consequently, soft law is 
often closer to the cutting edge of international reform 
than are the treaties. And soft law can sometimes 
“harden.” Solid codes may become binding — or 
acquire a degree of influence just short of binding — 
when they are formally adopted by governments or by 
the international agencies themselves.*^ 

An enormous amotmt of soft law bears on exotics, in 
one way or another. Agenda 21, for example, is 
arguably the most influential environmental document 
in the soft law genre, since it serves as a kind of charter 
for the U.N. Commission on Sustainable Development 
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and has sparked local Agenda 21 processes in more 
than 1,800 municipalities in 64 countries. It is there- 
fore unfortunate that Agenda 21 should be so weak in 
its coverage of exotics. Apart from a blanket recogni- 
tion that exotics have sometimes caused biodiversity 
loss, Agenda 21 makes no attempt to outline any 
response to invasion, apart from suggesting that gov- 
ernments assess regulations on ballast water discharge. 
Its treatment of aquaculture and forestry is consistent 
with the current practice of aggressive, more or less 
indiscriminate deployment of exotics.’^ 

But a remedy may be in the works. A kind of mini- 
Agenda 21, focused specifically and exclusively on 
bioinvasions, is now being developed under the aus- 
pices of an international research organization, the 
Scientific Committee on Problems of the Environment 
(SCOPE), in partnership with the U.N. Environment 
Programme, lUCN, UNESCO, and the International 
Institute for Biological Control. The result is intended 
to be a global strategy, complete with action plans and 
a nontechnical explanation of the need for action. 
Another set of guidelines, intended to complement the 
SCOPE strategy, has been drafted by the lUCN 
Species Survival Commission’s Invasive Species 
Specialist Group (ISSG).The guidelines derive in part 
from the lUCN Position Statement on the Translocation of 
Living Organisms, adopted in 1987. They attempt to 
develop a practical framework for following through on 
the CBD Article 8(h).i4 

Among the codes of conduct, coverage of the issue 
varies as much as it does among the treaties. In its code 
on marine introductions, for example, the North 
Atlantic regional science organization, the Inter- 
national Council for the Exploration of the Sea 
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(ICES), requests that when any of its 19 member states 
are considering a marine introduction, they submit a 
detailed plan that would in effect include an environ- 
mental impact assessment. On the other hand, the 
aquaculture section of the fisheries code published by 
the U.N. Food and Agriculture Organization (FAO) 
contains just three relevant provisions: one urges inter- 
national consultation for introductions into trans- 
boundary waters; another says that “efforts should be 
undertaken to minimize the harmful effects” of exotics; 
and the third is a vague appeal to “international codes 
of practice.” These provisions fail by the standards the 
FAO itself set a year later, with the publication of its 
Precautionary Approach to Capture Fisheries and Species 
Introductions — a set of guidelines that relies heavily on 
the ICES code. 

Effective codes must usually descend into the nuts 
and bolts of an issue in order to make recommenda- 
tions that really mean anything. But there are a few 
broad principles that could be used to guide the 
process of reforming or implementing codes, and soft 
law in general. The following six steps could form the 
core of an agenda for countering accidental releases. 

• Locate the responsible parties. Designate national 
and international authorities for monitoring and 
responding to accidental releases, as the IPPC has 
done for crop pests. Identify the industries and 
agents that are doing the polluting, if these are not 
already obvious, and set up clearly defined 
alliances with them. 

• Insist on reasonable precautions. Where sound 
procedures have already been developed for nar- 
rowing a pathway, these should be adopted. 

• Tackle the problems that already exist. Develop 
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control and eradication procedures for known 
pestSj and look for ways to narrow the pathways 
through which they are moving. 

• Develop emergency response capabilities. Emer- 
gency protocols should include an early war ning 
system, a means of contacting relevant experts on 
short notice, and a pool of readily available funds. 
Exotics are often much more vulnerable in the ini- 
tial phase of an invasion than they are after they 
have had a chance to establish themselves. 

• Develop a capacity for analysis. When a new prob- 
lem arises, it should be possible to follow it back 
to its causes. 

• Ask the polluter to pay. These efforts should be 
supported in large measure by the industries that 
are doing the polluting. It is not practical or 
reasonable to demand that industries shoulder the 
burden alone, since bioinvasions are such a broad 
social problem. But substantial industry participa- 
tion should be a part of good corporate citizen- 
ship — and something that individual citizens of all 
countries have a right to expect. 

Three additional principles would apply just to 
intentional introductions: 

• Assume it is dangerous unless there is strong 
evidence to the contrary. This is the bioinvasion 
version of the “precautionary principle,” an 
important mechanism for shifting the burden of 
proof off of those who are arguing for conserva- 
tion and onto those who are arguing for some 
form of exploitation. 

• Require an environmental impact assessment, as 
with the ICES code. The assessment should 
include a mechanism for all interested parties — 
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local people, industries, neighboring states, and 
others — to air any concerns they may have. 

• Make a serious effort to encourage the use of 
native species. Some natural resource-based 
industries pursue a nearly indiscriminate use of 
exotics without attempting any evaluation of local 
biological resources. Thousands of tropical tree 
species, for example, have yet to be evaluated for 
their silvicultural potential. In North America, 
there are 4,000-5,000 native bee species with 
some pollination ability; a native pollinator indus- 
try could help ease agriculture’s honeybee famine 
and promote the conservation of native insects.'® 

★ ★ ★ ★ 

Information on exotics is badly fragmented — it is scat- 
tered about in hundreds of technical newsletters and 
publications, in professional discussion groups, and 
among small cadres of regulators. That makes it very 
difficult for outsiders to get their bearings in the field, 
or for insiders to keep themselves current. On any level 
of activity, from international negotiations to the man- 
agement of a particular natural area, fragmentation of 
the knowledge base can be an obstacle to progress. So 
a highly efficient way to catalyze progress would be to 
develop a comprehensive, readily accessible, global pool 
of information on exotics. This might be done as part of 
the SCOPE initiative, which envisions an “Information 
Clearinghouse,” or within lUCN’s ISSG.*^ 

A peer-reviewed journal devoted exclusively to 
bioinvasions is now in the planning stages. The journal 
could serve as the foundation for a kind of virtual 
library on the subject, a world information base on 
bioinvasions. The preliminary agenda for such an effort 
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might include the following three items. 

• Constructing and maintaining a master linking 
page to the hundreds — perhaps thousands — of 
on-line list servers and Web pages that deal with 
various aspects of bioinvasion.'® 

• Developing an on-line invasive species database, of 
the sort the ISSG apparently envisions. The data- 
base could include basic facts on the ecology of the 
organisms listed, a list of known invasions, a bibli- 
ography, and references to relevant experts and 
other databases. 

• Monitoring the effect of international law on the 
spread of exotics. This effort might involve regular 
reporting on treaty negotiations, litigation, and so 
forth. It could also develop a kind of “legal mem- 
ory” for the field — an archive of laws and regula- 
tions pertaining to exotics and a record of relevant 
national and international litigation. (Perhaps this 
effort could be undertaken in conjunction with 
the lUCN Environmental Law Centre.) 

* * * •* 

Bioinvasions are tightly bound up with local economies 
and cultures, which of course vary greatly from one 
place to the next. In many countries, forging a coherent 
national policy on exotics is likely to be extremely dif- 
ficult, since the relevant concepts themselves may be 
“exotic” to the local cultural or legal terrain. But gen- 
eral policy objectives could be derived from the code of 
conduct principles outlined above, and a possible 
model for comprehensive national legislation comes 
from New Zealand. 

In 1993, New Zealand passed its Biosecurity Act, 
which collected earlier legislation on pest management 
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and exclusion into a single, coherent, substantially 
expanded law. In effect, the Biosecurity Act became a 
blanket authority for dealing with virtually all forms of 
biological pollution. In 1996, the country passed a 
complementary piece of legislation, the Hazardous 
Substances and New Organisms Act (HSNOA), which 
establishes a single agency, known as the Environ- 
mental Risk Management Authority, for assessing all 
applications to import or manufacture potentially dan- 
gerous substances or organisms.-® 

In early 1998, regulations were still being written for 
the HSNOA, so it is not yet possible to gauge its actual 
performance. But several features of the New Zealand 
approach are strongly encouraging. For example, a clear 
intent of both acts is to integrate all the responsible 
authorities and regulations. That might seem like too 
obvious a legislative requirement to mention, but policy 
on exotics is often deeply confused and dispersed, 
which can lead to all sorts of administrative contradic- 
tions. In the United States, for example, some officials 
in the Michigan Department of Natural Resources have 
been attempting to rid the state of certain invasive exot- 
ic plants that other parts of the same Department are 
still planting. That is an acute form of a common prob- 
lem; one land management agency promoting exotic 
organisms that another is desperate to eradicate.-^ 
Another strength of the HSNOA is its use of the pre- 
cautionary principle: any “new” organism is in effect 
considered dangerous and its potential environmental 
impact must be reviewed before it can legally be 
brought into the country. (A “new” organism for the 
purposes of the act is any organism not already present 
in New Zealand, including genetically engineered 
organisms that might be developed within the country 
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and exotics already eradicated from it.) The HSNOA is 
concerned with intentional introductions, of course, 
but it is still instructive to see how far this approach has 
moved from the pest-fighting standards of the IPPC, 
which basically assumes that exotics are safe until 
proved otherwise. New Zealand’s legislators, even 
those only casually familiar with the natural history of 
their country, are well positioned to see the problems 
with that assumption. (See Chapter 5.) Today, some 
sort of formal, public environmental impact assessment 
for new introductions is essential for the preservation of 
any country’s natural wealth. 

The analogy between chemical and biological pollu- 
tion is useful for thinking through how such assess- 
ments should work. The right to manufacture or 
import a chemical does not necessarily exempt an 
agent from liability for misuse or unforeseen effects. In 
a similar way, an approved introduction should not 
confer the right to release an organism indiscriminate- 
ly. Approval should be contingent upon adherence to 
professional codes, where these exist. It might also be 
useful to make introductions subject to very long 
statutes of limitation, since it may take years for an 
exotic to become invasive.^^ 

But there’s a point at which the analogy with chemi- 
cal pollution breaks down. Chemicals are inert; living 
things are active — they multiply and adapt. So an 
uncomfortable element of conjecmre haimts even the 
most carefully reviewed intentional introductions. And 
dealing with the accidental releases is like fighting a 
guerilla war. One characteristic of many highly success- 
ful invaders, for example, is that they are “polyvectic” — 
they exploit many different pathways simultaneously. 
Take the tiny Argentine ant: it travels on or in just about 
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anything that moves— plants, animal fodder, military 
equipment— and has become a major ecological head- 
ache on every continent except Antarctica and on many 
island groups. (Most of the disruption results from the 
displacement of native insects; see the discussion of the 
Cape Floral Kingdom in Chapter 5 for an example.) 
The green crab is polyvectic too. (See Chapter 7.)^^ 
Simple, passive leak-plugging will not work with 
creatures like these. The policies must be as active as 
the targets; they must be designed to follow the 
invaders back into the complicated, shifting machinery 
of trade and industry whence they came. An example 
of what can be accomplished in this regard is the U.S. 
National Invasive Species Control Act of 1996, which 
focuses on aquatic invasions. The act includes a pilot 
progr am in which all ships bound for U.S. ports are 
supposed to pump out and refill their ballast tanks 
before entering U.S. waters, or use some alternative 
ballast water treatment, assuming one is available. 
Because most ballast exotics are coastal organisms, rel- 
atively few can survive in full-strength seawater. But 
this ballast water exchange technique is not completely 
effective, and in rough seas it can be dangerous, so the 
act also includes incentives for developing those alter- 
natives. At present, the best options appear to be more 
sophisticated filters, heating, electrical pulses, and bio- 
cides (clearly not the preferred alternative from a 
broader environmental perspective) . The act also funds 
additional research into invasions themselves.-^ 

It is essential to look for the outward leaks as well as 
the inward ones. In 1988, the U.S. government reacted 
to the Asian tiger mosquito invasion by imposing disin- 
fection requirements on tire imports — but not on tire 
exports. That left the mosquito with a well-established 
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pathway into other countries. And what goes around 
comes around: mosquitoes going out in used tires 
could very well mean more dengue fever coming back 
in the bloodstreams of U.S. tourists. Given the 
comprehensiveness and volume of global trade and 
transportation, every nation’s biosecurity has become 
every other nation’s biosecurity.^^ 

■k -k -k 'k 

Within natural resource programs^ it may be possible to 
end certain categories of exotic deployment at public 
expense — the use of exotic forage plants on rangeland, 
for instance, or of exotic grasses for soil conservation. As 
late as 1995, retired croplands in the U.S. Conservation 
Reserve Program were 2.5 times more likely to be plant- 
ed in exotic grasses than native ones, at least partly 
because native grass seed has been hard to come by.^^ 

But consistent movement away from exotics should 
stimulate interest in native replacements. The state of 
Illinois, for example, now excludes virtually all exotics 
from its land management programs — its natural areas 
conservation, roadside plantings, and so on. That has in 
effect turned the state nursery operation into a kind of 
engine for ecological restoration: the nurseries produce 
native plants — grown mostly from diverse, wild-collect- 
ed seed — and the region’s natural flora are getting a 
second chance, 

Sustainable agriculture offers similar opportunities, 
especially in developing countries. There are the local 
landraces (traditional varieties), of course, and in many 
places there are entire crop species that once were 
grown and are now largely forgotten. Since these 
species are usually native, they are generally better 
adapted to local conditions than standard commercial 
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crops. Sub-Saharan Africa alone has an estimated 
2,000 native food plants, including native grains, veg- 
etables, root crops, and fruit. In a similar way, native 
species initiatives could be developed in agroforestry, 
forestry, and aquaculture.^® 

In many places, the managers of natural resource 
programs may be uniquely qualified to help people, 
especially young people, develop a sense of natural 
place — an imderstanding of how and why one region 
differs from another. Until “that tree” becomes an 
Ailanthus or a black gum, until “those birds” become 
house sparrows or gold finches, conservation will not 
acquire the kind of grip on the public imagination that 
it will need if it is going to succeed. 

A solid mandate for dealing with exotics will require 
this kind of general ecological literacy. After all, exotics 
can be beautiful, and landscape restoration has its ugli- 
er moments. Chopping out invasive trees to restore 
native North American prairie, or poisoning a 
California lake to rid it of the aggressive exotic north- 
ern pike — such efforts may be technically sound but 
they look like a huge insult to nature. People will see 
the destruction readily enough, and they can hardly be 
blamed for reacting to it if they do not understand the 
healing that follows.^® 

A degree of ecological literacy should also make it 
easier for people to accept a fact that may be obvious to 
ecologists, but is likely to seem counterintuitive in the 
context of our general consumer culture. The idea is 
simple enough: nature imposes real, permanent limits 
on what people can do without provoking some sort of 
ecological collapse. There may be no inherent natural 
limit to economic growth, if “growth” is construed sim- 
ply as an increase in the value of available goods and 
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services. But there is certainly a natural limit to the 
amount of grain that we can grow, or the amount of 
fresh water we can safely use. In a similar way, there are 
limits to the amount and type of biotic mixing that an 
ecosystem will tolerate. It may, for example, never be 
possible to import Siberian raw logs safely into western 
North America. If you live in that region and you value 
it, the prospect of making do without Siberian logs and 
the forest pests within them probably will not break 
your heart. If you don’t care about the forests, or if the 
idea of never being able to do something seems strange, 
then that is a measure of how far we still have to go — 
even in our thinking. 

* * * * 

Within the limits of our current technology and eco- 
logical understanding, we have to assume that inva- 
sions are generally permanent. But their effects can still 
be greatly reduced, and total eradication of an estab- 
lished exotic is sometimes possible. Either way, control 
or eradication of exotic species is now as important a 
task for conservation as saving endangered ones — 
indeed, there may be little point in attempting the lat- 
ter task without also undertaking the former.^® 

Exotics can make a mess, not just of the areas they 
invade, but of conservation principles as well. However 
distasteful the idea of using pesticides in natural areas 
may be, a certain amount of chemical pollution is 
sometimes essential for controlling the biological pol- 
lution. Invasive woody plants, like the melaleuca in 
south Florida (see Chapter 1), are often attacked by 
“hack and squirt” crews, who cut away the offending 
brush and apply a herbicide to the stumps to prevent 
resprouting.^^ 
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Fortunately, there is usually a great deal more hack- 
ing than squirting. One of the most ambitious efforts in 
this regard is South Africa’s “Working for Water” 
program, a government-organized consortium of 
municipal authorities, environmental and social non- 
governmental groups, companies, universities, and 
other organizations. Drawing on both public- and 
private-sector funding, the program is restoring water 
tables by clearing exotic trees, such as pine and acacia. 
So far, more than 33,000 hectares have been cleared, 
freeing up as much as 3,500 cubic meters of water per 
hectare per year in densely infested areas. The effort, 
begun in 1995, has provided jobs to more than 6,600 
people, over half of them women.^^ 

Direct, carefully targeted attacks can work on animal 
exotics as well — at least on vertebrates. Rats have been 
successfully eradicated from more than 60 small 
islands off the coast of New Zealand and from an island 
in the Antiguan group in the Caribbean. Poisoned bait 
was the technique used, and success was due in large 
measure to the fact that the island rats had become in 
their way as “naive” as native island wildlife. (See 
Chapter 5.) Rats are clever, social animals. In a chal- 
lenging environment, they may take days to explore a 
new food source, and the fate of the more adventurous 
diners may be noted by the rest. That is one of the rea- 
sons rats will never be poisoned out of places like New 
York City. But the island rat “cultures” had never 
encountered poison before and took no precautions.^^ 

A cleverer if uglier technique has been used success- 
fully against another dangerous island invader. Aldabra 
Atoll, a World Heritage Site within the Indian Ocean 
Republic of the Seychelles, is being cleared of goats as 
part of a World Bank environmental action plan. The 
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idea is to shoot all the goats, but the survivors of the 
initial campaign grow extremely wary, so the project 
uses a “Judas goat.” A goat is fitted with a radio track- 
ing collar and released onto the island. Goats dislike 
solitude and are very good at finding other goats. The 
Judas goat’s impulse to seek the company of its fellows 
betrays their whereabouts to the hunters. 

Unless you know what is at stake, it may be difficult 
to work up much enthusiasm for poisoning and shoot- 
ing. But programs such as these are critical for saving 
many rare plants and animals. In the case of the goats, 
it is hardly an exaggeration to say that their removal is 
the key to saving entire island ecosystems. On Aldabra, 
as on many islands, the presence of goats can mean 
near total destruction of low-level vegetation, and even- 
tually the animals that depend on it. The loss of plant 
life on Aldabra, for instance, threatens the atoll’s 
endangered giant tortoises and birds.^^ 

But many exotics multiply too quickly over too large 
an area to be susceptible to direct attack. When it 
comes to creatures like European starlings, zebra mus- 
sels, purple loosestrife, or mosquitoes, people cannot 
usually kill enough of them to make any difference. 
Some of these invaders can be dealt with by recruiting 
other organisms to do the killing instead — a technique 
known as biological control or biocontrol. As usually 
practiced today, biocontrol attempts to restore a natur- 
al balance by releasing one or more of the offending 
exotic’s native pests into the area it has invaded. 
Effective biocontrol agents for an invasive plant, for 
example, might be fotmd among the insects that feed 
on it in its native range. Biocontrol will not eradicate an 
invader, but it can sometimes reduce it to the point of 
ecological insignificance. Both the invader and the 
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agent would remain in the environment, but at very low 
levels. Any increase in the invader population would be 
answered by an increase in the agent population, which 
would force it back down. 

All sorts of activities have been pulled under the 
rubric of biocontrol, many of which no informed advo- 
cate of the technique would endorse today. During the 
nineteenth and early twentieth centuries, for example, a 
crude form of biocontrol attempted to suppress island 
rat populations by introducing exotic predators like the 
mongoose. Mongoose populations on many islands are 
a sad legacy of such experiments. (See Chapter 5.) 

Some of these attempts took on a clumsy, falling- 
upstairs sort of tempo, in which each step triggered a 
response more damaging than the last. Take the saga of 
rat control on the islands of Micronesia. The effort 
began by importing giant monitor lizards. But rats are 
active at night; they are not suitable prey for the moni- 
tors, which are active during the day. So the monitors 
turned to poultry instead. Sometime before 1945, an 
enormous South American toad, called the cane toad, 
was imported to give the monitors something else to 
eat and perhaps also to keep down insects in the 
coconut plantations. (The cane toad gets its common 
name from the fact that it has been released all over the 
world’s sugar-growing regions in the hope that it would 
control insects and even rats — a task it has consistently 
refused to perform.)^® 

The toad secretes a powerful venom from its skin, 
and large numbers of monitors were poisoned. As the 
monitors died off, one of the coconut pests, a rhinoc- 
eros beetle, underwent a population explosion because 
the monitors had been eating its grubs. With the mon- 
itors out of the way, the toad population exploded too. 
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Cats, dogs, and pigs attacked the toads and were killed 
in their turn. Then the rat population exploded because 
the cats and dogs had been preying on the rats. The 
giant African snail, brought in by the Japanese during 
World War II as a food, exploded as well, perhaps part- 
ly because of all the available carrion in the form of cat 
and dog carcasses. During the 1970s and 1980s, a 
predatory flatworm was introduced to try to control the 
snail. The flatworm is currently spreading throughout 
the islands and has become a major new threat to 
Oceania’s extraordinarily diverse native snail fauna.^’ 
Today, the idea of using mongooses to control rats 
would garner about as much scientific support as using 
anthrax to control overgrazing. And yet this kind of 
debacle is not entirely a thing of the past. It continues 
in aquatic form with the release of mosquito fish 
species all over the world for mosquito control. 
Mosquito fish are voracious predators of mosquito 
larvae, but they will also eat many other tiny creamres. 
As soon as the supply of mosquito larvae begins to 
diminish, the menu broadens — and there are always 
plenty of left-over mosquitoes. One mosquito control 
expert, pondering his colleagues’ continued enthusi- 
asm for these introductions, recently asked the obvious 
question: if mosquito fish are so effective, “how is it 
there are so many mosquitoes in areas that are its native 
habitat?” Exotic mosquito fish have caused the extinc- 
tion of native fish by eating their larva and fry.^® 

But biocontrol of a very different sort is one of the 
best weapons available for countering many exotic 
plants, insects, and other invertebrates. The key to 
making the technique work safely is “host specificity” — 
the ideal biocontrol agent preys exclusively on the 
target organism and pursues it to the edge of oblivion. 
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That is why introducing any vertebrate for biocontrol is 
asking for trouble. Vertebrates are just too adaptable; 
they cannot be trusted to die off cooperatively when 
their favorite food gets scarce. Even among the inverte- 
brates, biocontrol candidates must be carefully 
screened. Presumably, thoughtful testing would have 
easily detected that flatworm’s ability to eat just about 
any snail it encounters. And better testing would pre- 
sumably have prevented the release of parasitic wasps 
as biocontrol agents for certain crop pests in Hawaii. 
The wasps apparently caused the extinction of some 
native moths and may be a major factor in the general 
decline of the native Hawaiian insect fauna.^® 

And yet, among the insects and their relatives, it is 
possible to find creatures so exquisitely adapted to 
preying on only a single host that they seem almost to 
be a part of that organism. There are weevils, for exam- 
ple, whose entire existence is built around the buds of 
a single species of plant. Detach the weevil from the 
bud and the only thing the weevil can do is die. The 
bud is its only possible landscape, and therein lies its 
extraordinary power for restoring landscapes that its 
host has devoured. Take the invasion of the South 
American water fern, Salvinia molesta, into Papua New 
Guinea’s Sepik River. By 1980, a decade after it first 
appeared, the fern had made the Sepik unfishable and 
impassable, starving out local villages in the process. By 
1990, the infestation had been largely cleared by the 
introduction of a weevil, one of a group of insects that 
regulates the fern’s growth in its native Brazil.^° 

A recent biocontrol victory of enormous social sig- 
nificance was the control of the cassava green mite 
across the entire midsection of Afirica. Cassava is a root 
crop from the New World tropics; it grows on some of 



222 


LIFE OUT OF BOUNDS 


Africa’s poorest soils and feeds some of the continent’s 
poorest people. For some 200 million inhabitants of the 
vast “cassava belt,” an area one and a half times the size 
of the United States, cassava is the primary staple. That 
is why the arrival of the green mite, one of the cassava’s 
native predators, was a social disaster in the making. By 
1980, some 15 years after the mite was first noticed in 
a Ugandan field, it had spread throughout the belt, cut- 
ting 5rields by 50 percent or more. After a decade-long 
search for suitable biocontrol agents, an international 
team of scientists released another mite — a tiny but 
ferocious native predator of the green mite — in a field 
in Benin in 1993. It too has now spread throughout the 
belt, and cassava yields have thus far improved by 30 
percent on average.^* 

Microbes have occasionally been recruited into bio- 
control efforts as well. An epidemic can knock a pest 
population down quickly, but over the long term the 
pest is likely to develop substantial immunity. Australia’s 
continual war with the European rabbit has followed 
this dynamic. In the early 1950s, a Brazilian rabbit virus 
was introduced into the country and the resulting 
plague broke the rabbit’s grip on Australia’s rangeland. 
But the virus’s punch eventually weakened. By the mid- 
1990s, the rabbit was doing well over $100 million 
worth of damage a year. In October 1995, another rab- 
bit virus escaped from a quarantined island off 
Australia’s southeast coast, where it was being tested as 
a biocontrol agent. (This virus was discovered in China 
in 1984 and has since spread to Europe and Mexico.)^^ 

Hoping to make the most out of the new virus’s ini- 
tial wallop, the government went ahead with a full 
release in the following year. Thus far, the strategy 
seems to have worked. Rabbit populations have crashed 



223 


Toward an Ecologically Literate Society 

throughout the southern part of the country. Native 
plants that disappeared from some areas decades ago 
are returning, and the flush of vegetation is benefiting 
kangaroos and other native herbivores. Australia has not 
given up on the Brazilian virus; the fleas that transmit 
that virus do not do well in very dry conditions, so a 
new species of arid-land flea has been introduced as an 
additional vector. Another of Australia’s pests may also 
be targeted for infection. Scientists are studying the pos- 
sibility of releasing a pathogen of the cane toad, to try to 
stem that creature’s advance into natural areas in the 
north of the country. But in most countries, concerns 
that microbes could attack nontarget organisms have 
greatly limited their use as biocontrol agents thus far.^^ 
Biocontrol will never be a panacea: many factors 
may be controlling the population of an organism in its 
native range and there may not be an effective biocon- 
trol agent among them. Even when a likely candidate is 
identified and released, it may not be able to achieve 
control on its own. Estimates of the technique’s overall 
success rate range around 1 0-20 percent, although bio- 
control advocates argue that the rate would improve 
substantially if biocontrol were not so often the choice 
of last resort. Biocontrol agents have been derived from 
the natural wealth of at least 98 countries; at least 121 
countries have had biocontrol agents released into 
them. Many of the world’s worst invaders — ^purple 
loosestrife and water hyacinth, for example — are 
good candidates for this technique, either alone or in 
combination with other strategies.^^ 

The technical arsenal for dealing with exotics is rela- 
tively limited, but current research may be on the verge 
of expanding it. Some approaches aim to fuse biocon- 
trol with biotechnology, in effect attempting to take 
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gene splicing to a landscape level. It is now possible, for 
example, to genetically engineer viruses that cause 
sterility in rabbits, mice, and presumably other mam- 
mals. Whether it will be safe to release such organisms, 
of course, is another matter entirely. Scientists have also 
recently discovered a genetic technique that allows for 
the mass production of male Mediterranean fruit 
flies — that is important because it is likely to boost the 
power of “sterile male” releases against these and per- 
haps other invasive insects. (See the discussion of the 
lamprey in Chapter 4.) More distant and far less certain 
possibilities include releasing genetically engineered 
mosquitoes to spread disease-fighting traits into the 
world’s mosquito populations through interbreeding. 
One project, for example, envisions the spread of a gene 
to block replication of the dengue fever virus; another 
would have mosquitoes producing malaria antibodies, 
which they would inject into humans when they bite.^^ 
There are several promising developments outside 
biotech — for example, marine biocontrol. One potential 
target is the green crab, which could be attacked with a 
weird barnacle that is one of the crab’s native parasites. 
The barnacle replaces the crab’s gonads with itself, 
thereby rendering its host sterile. There are now also 
contraceptive “vaccines” for some mammals, and artifi- 
cially produced pheromones (signaling chemicals) that 
confuse the mating instincts in certain insects. Given 
the rate at which invasions are proceeding, research on 
these and other “counterinvasion” techniques deserves 
a high priority on the conservation agenda.^® 

★ ★ ★ ★ 

The greatest cause for hope, however, is not to be 
found in some laboratory or treaty negotiation. It’s in 
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ygu in your ability to relate to landscape or seascape, 

to whatever locale is significant to you. What lives in the 
green area nearest your home? 

I live on the outskirts of Washington, D.C. Four hun- 
dred years ago, my area was on the fringes of what was 
then the most diverse temperate-zone forest in the 
world (in terms of the number of canopy tree species). 
Now most of it is a scab of asphalt, shopping malls, and 
tracts of suburban houses, like the one my family owns. 
Sometimes I go walking through the sliver of remnant 
forest that lines the stream below my property. There I 
find American beech, black willow, green ash, and 
black cherry — all native to my area. But at the base of 
my lawn there’s a thicket of Ailanthus, from China — 
“stink tree,” as it is sometimes aptly known. I see 
mimosa, a small weedy tree from central Asia, growing 
here and there as well. Much of the ground is covered 
by Japanese honeysuckle, an invasive exotic vine. An 
even more aggressive Asian vine, mile-a-minute weed, 
invaded my area several years ago. In the summers, it 
can grow a good 1 5 centimeters in a single day and it’s 
covered with thorns. In the winter, it dies back, leaving 
a thick skein of dead stems hanging from lower branch- 
es and xmdergrowth. 

The shrub multiflora rose, from Japan, dominates 
many of the clearings, except where it’s overgrown and 
crushed by the exotic vines. I see the odd clump of 
privet, also from East Asia, and English ivy. In deep 
shade where the vines thin out, Eurasian garlic mustard 
covers the groimd. Farther upstream, a clone of Asian 
bamboo is spreading. Every few years, the cherries and 
willows are thick with gypsy moth. Starlings and house 
sparrows (from Europe) and pigeons (from North 
Afirica) are the most common birds where I live. Fotur 
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hundred years ago, my area was home to one of the 
Chesapeake region’s many Algonquian-speaking peo- 
ples: the Tauxenent. If I could summon a few 
Tauxenent to walk with me today, “nature” would look 
almost as alien to them as the shopping malls.^’ 

Conservation offers a huge oppornmity for amateur 
naturalists, and it’s far too important to be left to the 
professionals. The best defense any area can have is a 
group of people who know it well, who care about it, 
who have the patience to try to understand what is hap- 
pening in it. Conservation works best as a civic activi- 
ty — the acclimatizers, for all their ecological naivete, 
had that right. 

Most landscapes offer a spectrum of opportunities 
for direct personal action. Many places, for example, 
are probably seen by hundreds of people but watched 
by almost no one. Simply recording what is happening 
in them could invest them with a far greater public 
value. (“There are rare plants growing in our neigh- 
borhood? Rare birds nest there?”) Conservation orga- 
nizations and even some government agencies need 
volunteer labor to do the hands-on work of conserva- 
tion — from maintaining trails to clearing areas of 
invading plants. And there may be opportunities to act 
as an advocate for the landscape, before planning 
commissions, local mdustry groups, and other forums 
that influence local development. 

Much of this may soimd like pretty basic conserva- 
tion work, rather than a focused plan for “counterinva- 
sion.” But that’s exactly the point: m the long rtm, the 
only real hope against invasion is a public that values 
the creatures that belong where they are. 
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